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(57) Abstract: A novel microfluidic 
substrate assembly and method for 
making same are disclosed. The substrate 
assembly comprises a multi -layer 
laminated substrate defining at least one 
fluid inlet port and at least one microscale 
fluid flow channel within the multi -layer 
substrate in fluid communication with 
the inlet port for transport of fluid. 
The substrate assembly may optionally 
comprise additional components and 
elements located within the substrate 
assembly or attached to the substrate 
assembly. 
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METHOD FOR MAKING SAME 
(005092.00018) 

Cross-Referenced Applications 

This application claims priority to commonly assigned U.S. Patent Application No. 
60/239,01 0 titled "Microfluidic Substrate Assembly and a Method for Making Same" and filed on 
October 06, 2000, commonly .assigned U.S. Patent Application No. 60/239,063 titled "Liquid 
Separation Column Smart Cartridge " and filed on October 06, 2000, commonly assigned U.S. 
Patent Application No. 60/238,805 titled 'liquid Separation Column Smart Cartridge with 
Encryption Capability" and filed on October 06, 2000, and commonly assigned United States Patent 
Application No. 60/238,390 titled "Microfluidic Substrate Assembly and a Method for Making 
Same" and filed on October 06, 2000, the entire disclosure of each of which is hereby incorporated 
herein by reference for all purposes. 

Field of Invention 

The present invention relates to fluid-handling substrate devices and more particularly to 
microfluidic substrate assemblies and to methods for making certain preferred embodiments of such 
microfiuidic substrate assemblies. 

Background 

Systems for biochemical, chemical, and molecular analysis can be miniaturized as substrates 
with multifunctional capabilities including, for example, chemical, optical, fluidic, electronic, 
acoustic, and/or mechanical functionality. Miniaturization of these systems offers several 
advantages/ including increased portability and lower production cost Such devices can be 
fabricated from a diverse ensemble of materials including, for example, plastics or polymers, metals, 
silicon, ceramics, paper, and composites of these and other materials. Typically, such substrates 
include fluid channels extending within them for the transport and/or analysis of fluids or 
componen ts con ^^gg^_g _^e fluid s. a Adctition^ may ,,jcpnt^^fragU^_Q_tL 

environmentally sensitive structures, such as materials, architecture and/or devices used for 
analyzing the fluids or components contained therein. Mesoscale sample preparation devices for 
providing microvolume test samples are described in US patent No. 5,928,880 to Wilding et al. 
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invention to provide improved fluid-handling substrates, particularly micro-fluidic substrates, and 
improved methods of forming such fluid-handling substrates. These and other objects of the 
invention will be more fully understood from the following disclosure and detailed description of 
certain preferred embodiments of the invention. 

5 

Summary 

In accordance with a first aspect, fluid handling devices are provided, comprising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
channel (also referred to in some cases here as a microfluidic channel or a microchannel of the multi- 
layer laminated substrate) within the multi-layer substrate in fluid communication with the inlet port 
for transport of fluid to be tested, analyzed or operated on. Preferred embodiments of the devices can 
be utilized in a wide range of automated tests for the analysis of a fluid. As used here fluid refers to 
gases, liquids, supercritical fluids and the like, optionally containing dissolved species, solvated 
species and/or particulate matter. Testing or analysis of a fluid has a broad meaning, including any 
detection, measurement or other determination of the presence of a fluid or of a characteristic or 
property of the fluid or of a component of the fluid, such as particles, dissolved salts or other solutes 
or other species in the fluid. Especially preferred embodiments of the fluid handling devices 
disclosed here are operative to perform liquid separation analyses. That is, the devices perform or 
are adapted to function in a larger system which performs, any of various different fluid separation 
test or analysis methods, typically along with ancillary and supporting operations. 

In accordance with another aspect, the fluid handling devices include a substrate assembly 
comprising a multi-layer laminated substrate microfabricated to define at least one microscale fluid 
flow passage. Numerous materials are suitable for the individual layers of the substrate, depending 
on the use environment and functionality intended for the device. Suitable materials include, for 
example, polymers, plastics, e.g. rigid or flexible plastics, glass, ceramic, metal, silicon, etc. and 
c o mbinations of numerous materials. In certain embodiments, additives, such as carbon black, dves. 
titanium dioxide, gold, e.g. electroplated gold or electrolessly plated gold, carbon particles, 
additional polymers, e.g. a secondary polymer or second phase polymer reactive with the primary 
polymer of the laminate layer, IR absorbing materials, and the like, may be included, as a surface 
coating and/or a body filler, in the materials used to form any of the layers of the multi-layer 
laminated substrate. A layer formed of materials suitable for micromachining may be used, for 
example, with another layer formed of material compatible with waveguide, thick film, thin film or 
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within the laminated substrate, and chambers and other structures within the laminated substrate, 
when viewed in cross-section, may be triangular, ellipsoidal, square, rectangular, circular or any 
other shape, with at least one and preferably all of the cross-sectional dimensions transverse to the 
path of the fluid flow. It should be recognized, that one or more layers of the laminated substrate 
may in certain embodiments have operative features, such as fluid channels, reaction chambers or 
zones, accumulation sites etc. that are larger than microscale. Additionally, the multi-layer laminated 
substrate maybe attached to one or more devices that are larger than microscale and optionally have 
an adaptor such as a valve, for example, to provide a suitable interface with the laminated substrate 
and/or to regulate the fluid flow rate into the laminated substrate. The multi-layer laminated 
substrates disclosed here can provide effective fluid analysis systems with good speed of analysis, 
decreased sample and solvent consumption, the possibility of increased detection efficiency, and in 
certain embodiments disposable fluid-handling devices. 

In accordance with an additional aspect, the microfluidic nature of the substrate assemblies 
disclosed here provides significant commercial advantage. Less sample fluid is required, which in 
certain applications can present significant cost reductions, both in reducing product usage (for 
example, if the test sample is taken from a product stream) and in reducing the waste stream disposal 
volume. Samples can be concentrated prior to separation and/or entry into the microfluidic substrate 
assemblies. In addition, the microfluidic substrate assemblies can, in accordance with preferred 
embodiments, be produced employing micro electromechanical systems (MEMS) and other known 
techniques suitable for cost effective manufacture of miniature high precision devices. The micro- 
scale fluid flow channel(s) of the multi-layer laminated substrate of the microfluidic substrate 
assembly and other operational features and components of the microfluidic substrate assembly, such 
as components for liquid chromatography or other fluid separation methods, heating or cooling fluid 
handled by the assembly, generating electrical or electromagnetic or acoustical (e.g., ultrasonic) 
forces on the fluid, generating high pressures or pressure differentials, fluid mixing, reacting, 

purification, etc., can be integrated into the multi-layer laminated substrate, mounted onto the 
.substrate as an on-board component or incorporated elsewhere in the microfluidic substrate 
assembly. Such operational devices, including, for example, devices integrated as an external 
component-on-board mounted in fluid-tight fashion to any surface of the substrate and/or devices 
embedded within the body of the substrate, in accordance with preferred embodiments of the 
microfluidic substrate assembly, are micro-scale devices, as defined above. 

5 
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channels are referred to in some instances below as interlayer nucrofluidic channels. In preferred 
embodiments, the microscale fluid flow channels at each of multiple levels within the substrate are 
formed at the surface-to-surface interfaces between layers of the substrate. Two levels of 
microchannels are formed, for example, by a PEEK or other plastic plate or disk having 
micromachined or micromilled grooves on both an upper and lower surface and sandwiched between 
two other layers of the substrate. A through-hole micromachined or otherwise formed in the plastic 
plate passing from an upper surface groove to a lower surface groove provides a fluid 
communication via, e.g. provides a fluid flow channel. In certain preferred embodiments one or both 
of the sandwiching layers of the substrate is a flexible sheet or film. As used here, the term 
"generally planar multi-layer laminated substrate" means card or cartridge-like, optionally being 
curvo-planar or otherwise irregular, but typically being rectilinear or right-cylindrical, and having a 
thickness less than about one third, preferably less than one quarter, more preferably less than about 
one fifth, e.g., about one sixth or less, the largest dimension of the major (i.e., largest) surface of the 
laminated substrate. The dimensions of the laminated substrate referred to here are measured 
without including any external components mounted on-board the substrate. Nor do they include 
electrical leads or connectors or conduits carrying sample fluid to or from the laminated substrate. 
One or both of the sandwiching layers can be welded or otherwise bonded, selectively or not, to the 
micromachined layer to provide fluid-tight sealing along the microchannels. Additional levels of 
microchannels are provided by stacking additional micromachined plates in the substrate. 
Directional references used here are for convenience only and not intended to limit the orientation in 
which the multi-layer laminated substrates are used. In general, the multi-layer laminated substrates 
can be used in any orientation; solely for purposes of discussion here, they are assumed to be in the 
orientation shown in the drawings appended hereto. One skilled in the art, given the benefit of this 
disclosure, will recognize that microchannels and vias of the multi-layer laminated substrate can 
have any suitable configuration including straight, curvo-linear, serpentine or spiral. The cross- 
«secfionaLconfigpration^fethe~^ 
needs of an intended application. 

In accordance with another aspect, fluid handling devices are provided comprising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
channel within the multi-layer substrate in fluid communication with the inlet port for transport of 
fluid to be tested, wherein at least one layer of the multi-layer laminated substrate is formed of 
plastic and die substrate assembly is operative and fluid tight at high fluid pressure in the microscale 
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memory (ROMs), programmable read only memory (ROMs) erasable programmable read-only 
memory (EPROMs), electrically erasable programmable read-only memory (EEPROMs), DIMMs, 
SIMMs, and other memory units and memory chips well known to those skilled in the art and 
commercially available from numerous manufacturers such as Siemens, Toshiba, Texas Instruments 
5 and Micron. Other suitable devices for the memory unit and techniques for the use of encryption in 
the acquisition, storage and transmittal of data by or to the memory unit may be found in the 
commonly assigned United States Patent Applications incorporated herein by reference. In 
accordance with certain preferred embodiments at least one operative component mounted aboard 
the multi-layer laminated substrate, as disclosed above, is in communication with the microscale 

10 fluid flow channel and is operative to generate an electronic signal corresponding to a detected or 
measured fluid or characteristic of fluid in the microscale fluid flow channel, and the memory unit is 
connected to the operative component to receive and record the electronic signal. In preferred 
embodiments the fluid-handling device further comprises electronic communication devices, e.g. 
leads, wires or circuits, for communication with the memory unit. Suitable I/O devices for uploading 

1 5 signals to the memory component or downloading information stored on it will be readily apparent to 
those skilled in the art given the benefit of this disclosure, and include, for example, PCMCIA-type 
electronic communication ports, microprocessors, USB ports, serial ports, firewire ports, optical 
ports and the like. As stated above, preferred embodiments of the fluid handling devices disclosed 
here are operative to perform, or are adapted to function in a larger system which performs, any of 

20 various different liquid separation test or analysis methods. Liquid separation method parameters 
can be stored in a memory unit of the device or in a memory unit of the larger system and, in 
accordance with preferred embodiments, such information stored in the memory unit defines a liquid 
separation method such as, for example, liquid chromatography (LC), capillary electrophoresis (CE) 
or other liquid-phase separation techniques, e.g., micellular electrokinetic chromatography (MEKC 

25 or MECC), isoelectric focusing and isotachophoresis (TIP). For convenience, and not intending to 
.^^.^ ^ 

detailed description of certain preferred embodiments below will emphasis preferred embodiments 
. that are operative to perform liquid chromatography. 

In accordance with another aspect, components of the fluid-handling substrates, including, 
30 but not limited to, substrate layers and the interfaces of the substrate, such as inlet and outlet ports 
and component-on-board interfaces, are made of polyetheretherketone (PEEK). PEEK is a high 
temperature resistant thermoplastic. PEEK has superior chemical resistance allowing for its use in 
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intense radiation, or pressures typically employed when thermally welding plastic assemblies. In 
accordance with certain preferred embodiments, a method is provided for producing the fluid- 
handling substrates disclosed immediately above, comprising substrate assemblies with internal 
fluid-tight sealed channels having environmentally sensitive elements. Such method comprises 
5 assembling together substrate components with an environmentally sensitive element incorporated in 
an internal channel, e.g., embedded or formed therein. The substrate components are then selectively 
welded together, preferably using IR radiation, to establish a fluid-tight seal along the periphery of 
the internal channel. Selective IR welding offers protection to the environmentally sensitive 
components because the substrate components are not heated in bulk to the welding temperature, 

1 0 thus the environmentally sensitive element incorporated therein is not heated to such temperature. In 
preferred embodiments, the bulk material of the substrate components adjacent to the location of the 
selective IR welding can act as a heat sink, thereby providing thermal protection to an 
environmentally sensitive element near the site of the selective welding. Thus, the method in 
accordance with this aspect enables the sealing of channels, such as micro-channels in fluid-handling 

1 5 substrates, without destroying the environmentally sensitive elements contained in the channels. The 
fluid-tight channels, in which environmentally sensitive elements can be incorporated without 
thermal damage, are especially advantageous in enabling fluid-handling substrates to be produced for 
use in a wide variety of applications including, for example, liquid chromatography and other fluid 
analysis, chemical and biochemical testing, detection and sensing and detection processes (in some 

20 cases referred to collectively below as fluid testing or as fluid analysis). It is also ah advantage of at 
least certain embodiments, that fluid-tight sealing of the channels is accomplished without use of 
solvent or adhesive joining, thereby avoiding the problematic aspects of those methods discussed 
above. 

In accordance with additional aspects, substrate assemblies are provided having selectively 
25 welded joint or interfacial areas between the substrate and an external component mounted to the 

(referred to in some instances here as a component-on-board), as disclosed above, can 
advantageously provide any of numerous functionalities to the fluid-handling substrate. For 
example, the component-on-board can act as a fluid reservoir, a detector, an analyzer, a separation 
30 conduit cartridge, or serve other roles. The component-on-board maybe permanently attached to the 
fluid-handling substrate or may be a removable component-on-board, which is referred to in some 
instances below as a swappable component-on-board. A swappable component-on-board provides 

11 
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for xncreased functionality of the fluid-handling substrate. For example, a first swappable 
component-on-boardmightbe an apparatus for introducing a fluid into the fluid-handling substrate 
After mtroduction of the fluid, the first swappable component-on-board might be replaced with a 
second swappable component-on-board, e.g. a detector, for analyzing the introduced fluid The 
abmtyofafluid-handlmgsubstratetomterfacewimmul^ 

expands the potential applications where a fluid-handling substrate maybe employed 

In accordance with another aspect, a fluid-tight seal between the component-on-boanl and the 
substrate is formed by assembling the external component to the substrate (e.g., to a substrate 
component which can subsequently be joined with other substrate components), followed by 
selective welding to form thefluid-tight g ealbetweenthem. Optionally one or more gaskets are used 
to provide an additional device for facilitating a fluid tight seal. An assembled fluid-handling 
substrate is provided that contains a port in communication with the surface of the substrate The 
component-on-board communicates with the fluid-handling substrate and any internal channels and 
envoronmentally sensitive components within the substrate, through the port. The component-on- 
board zs fixed to the substrate using any of numerous methods for attaching the components-on- 
board to the substrate, e.g. preferably selective IR welding is used. Selective IR welding at the 
interface of the port and the component-on-board can provide permanent attachment of the 
component-on-board to the substrate and create a fluid-tight seal at the port/component interface 
Addxtxonally, the selective IR welding of the component and the port prevents damage to any 
envxronmentaUy sensitive components contained within the fluid-handling substrate and prevents 
damage to sensitive components contained within the component-on-board. 

In accordance with another aspect, a fluid-tight seal between a swappable (i.e., non- 
permanently mounted or removeable without damaging or destroying the rest of the substrate and/or 
the component-on-board itself) component-on-board and the substrate is formed by assembling the 
external component to the substrate (e.g., to a removable substrate component which can 
subseouentiybeiomedwim^ 

of the substrate and one or more connectors on the swappable component-on-board. An assembled 
fluid-handling substrate is provided that contains a port in communication with a surface of the 
substrate, e.g. any major or minor surface of the substrate. The port comprises one or more 
connectors for attachment to the swappable component-on-board, e.g. a female connector on the 
substratethatisoperativetoa^^^ 

component-on-boardcommunicates with the fluid-handling substrate, and any internal channels and 
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environmentally sensitive components within the substrate, through the port. As discussed above, 
the swappable component-on-board may contain one or more connectors for interfacing to the fluid- 
handling substrate through the port. The connectors of the port and swappable component-on-board 
may be any connector known to those skilled in the art, such as a female connector on the port and a 
5 male connector on the swappable component-on-board, or vice versa. Upon connecting the 
swappable component-on-board to the port, a fluid-tight seal is created. Therefore, fluid 
communication can occur between the swappable component-on-board and any internal channels of 
the fluid-handling substrate without leakage of the fluid. This aspect is especially advantageous, 
since the amount of liquid introduced or contained within the fluid handling substrate might be very 

1 0 minimal, for example 1 5 microliters or less, and inadvertent loss of any fluid may result in reduced 
ability to detect species contained in the fluid. 

In yet other aspects, the fluid handling devices disclosed above comprising a multi-layer 
laminated substrate are employed in combination with features and aspects of one or more others of 
them and/or other features and aspects suitable to a particular use or environment. In particular, 

15 exemplary of such other features and aspects, any or all of the following may be advantageously 
integrated into the fluid handling device. Electrical interconnections can be provided between 
components of the device and to an I/O port for data communication with an outside device. Surface 
interconnects, e.g., silk screened leads, soldering, conductive epoxies, wire bonding and tape assisted 
bonding, or 3D interconnects passing through the substrate can be used. Programmable controllers 

20 can be integrated into the fluid handling device to control heaters, pumps, sensors, memory chips, 
etc. Optical interconnections can be provided between components of the device and to an I/O port 
for data communication with an outside device. Optical interconnections can be provided via 
waveguides, fiber optics, free space IR transmissions, etc. Surface interconnects or interconnects 
passing through the substrate can be used. It will be within the ability of those skilled in the art to 

25 incorporate these and other components and functions into the fluid handling devices disclosed here, 
^^.^^^ 

Brief Description of the Figures 
Certain preferred embodiments will be described below with reference to the attached figures in 
30 which: 

Figs. 1 a- 1c show several configurations of a fluid-handling device or substrate. Afirstplastic 
piece 1 0 and a second plastic piece 1 1 have been welded together by selective IR irradiation of either 
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the plastic pieces or by itradiation of an optional EM absorbing substance 12. The substrate 5 
contains a channe, 13 fotmed by welding of the two piasnc pieces togetiter. Optionally contained 
wtthm the channe! 13 is an environmentally sensitive element 14. He subsnate 5 mayalao contain 
omerchamaelaformedfcmwe^gmeplasncpieeestogemer.Fotexample.asec^^ 
5 m close and continuous contact with an embedded mierodevice 16. A port 17 provides 
communioadon fern the channe! ,„ the top or bottom ptanar surface of the substtate. Additionally, 
an external device may be connected to the fluid-handling snbsttate tough the port. An optional' 
gaste. ,8 maybeuseotoenhancemefluid-^^ 

layer 19 may be placed anywhere along the surface of the substrate. La Fig. lb, the multi-layer 

may comprise fingers objections into tbemiddle layer to prevent anypoiymer creep, as shown in 
Fig. lc. 

Kg.2al»^ s ^p 0 ^ lecm ^^ totted ^ fcni ^ ton ^ 

Pteces together. Possible configurattons include, bu, areno, limited to, semi-cireular21, rectongular 
15 22,rbomboid23, and setpentine 24. 

F te 3 "^3bsl»wonepo S sibI.configurati 0 nf OT 
The reaulring channels and any internal component have been omitted fcr clarity. The welding of 
thepiastic pieces is done a* by abgning the planar surfaces of the plastic pieces !0andn nsinga 
mechanic*, device, such as an alignment stage, aa shown in Fig. 3a In mis embodiment plastic 
Ptece 10 is capable of absorbing me incident radiation, whereas piastic piece 11 is energy 
transmissive. An EM beam 3 1 is applied through the surface of the transmissive plastic piece as 

showniuFig. 3b. HentingofmeKMopaquepIasticpieoeresm^mweldingofmetivoplasticpi^es 
together. 

Figs. 4a-4e show another possible configuration for assembly of a fluid-handling substrate 
25 In fas embodiment both plastic pieoes 10 and 11 are EM transmissive. A coating of an EM 
absoreingsubstiotoe .2 is firs. applied to thephtnar surfaco of one of the phMc pieces, as ahownin 
F.g4a Tneplaatiepieceaaremenalignedusingamechameal device,aa showninFig. 4b. An EM 

on m ecoa«m & a S sbo™toFig.4c.Heatiugoftit«EMooatingresul b m„eldingofu,etwopIaatic 
30 pieces together. 

Fi g s - 5a - 5c ^owanotherpos S ftleconflgurationforassem^ 
where protecting an environmentally sensitive element 14 contained within a channel 13 is desired. 
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The stacked plastic pieces 1 0 and 1 1 can be masked with an EM absorbing substance 19, as shown in 
Fig. 5a. The pieces may optionally be aligned, as shown in Fig 5b. Only the unmasked portions are 
exposed to the EM beam 3 1 (see Fig. 5c) and, therefore, only those locations are heated to seal the 
plastic pieces. In this configuration, it is desirable to use a gasket to enhance the effectiveness of 
the fluid-tight seal. 

Fig. 6 shows a fluid-handling substrate with a fixed external component The external 
component 50 is mounted to the substrate through a port 17. The external component may comprise 
any external device including a detector, a computer, or other electrical or mechanical devices. The 
external component 50 is in liquid communication with an internal channel 13. 

Figs. 7a and 7b show a possible configuration for assembly of a fluid-handling substrate with 
a fixed component-on-board. In Fig. 7a, the component-on-board 50 is mounted to the assembled 
fluid-handling substrate 40. Selective JR welding using an EM beam 3 1 is then used to weld the 
component and the fluid-handling substrate together, as shown in Fig. 7b. 

Fig. 8 shows a possible configuration for a fluid-handling device having a swappable 
component-on-board. The removable external component 60 comprises one or more connectors 65 
for attachment to a fluid-handling substrate 40. The fluid-handling substrate 40 also has one ormore 
connectors 66 for attaching to the component 60. Upon attachment of the component connector 65 
to the fluid-handling substrate connector 66, a fluid tight seal is created. The swappable component- 
on-board may be in liquid communication with an internal cavity and any environmentally sensitive 
components contained therein. 

Fig. 9 is an exploded view of a preferred embodiment, wherein an on-board operative 
component is mounted to a multi-layer laminated substrate via adhesive and gasket. 

Fig. 1 0 is an exploded view of another preferred embodiment of the fluid handling substrates 
disclosed here. 

Figs. 1 1 A and 1 IB together form a schematic diagram of a microfluidic substrate assembly 

"analytical cartridge") in accordance with the invention, comprising a multi-layer laminated 
.substrate. 

Fig. 12 is a perspective view of a multi-layer laminated substrate in accordance with a 
preferred embodiment, shown in exploded view, partially broken away, with an on-board component 
and thermoplastic/electrical heater for mounting or seating the on-board component. 
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Fig. 13 is first embodiment of an analytical system in communication with a multi-layer 
lammated conduit cartridge, in accordance with preferred embodiments. 

Fig. 14 is a multi-layer laminated manifold in fluid communication with a multi-layer 
laminated conduit cartridge, in accordance with preferred embodiments. 

Fig. 15 is a multi-layer laxninated manifold in fluid communication with a multi-layer 
lasted conduit^^ 
embodiments. 

Fig. 1 6 is a second embodiment of an analytical system in communication with a multi-l ayer 
laminated conduit cartridge. 
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It wdl be recognized by those skilled in the art that (he multi-layer laminated substm.es 
shown in the figures are no, necessarily to scale. The dimensions of the subsumes may have been 
enlarged relative to the dimensions of an analylical inshumen, or a component-on-board for 
example. Additionally, reference to orientation, e.g. top, bottom and the like, is for convenience 
.= putposes omyandisno.intendentolnni.thedisclosnremanymanner. One skified in the art given 
me benefit of this disclosure win be able to select and design substiatea having dimensions and 
geometries suitable tor a desired use and suitable for use in any orientation. 

Detailed Description of Certain Preferred Embodiments 

20 ^^^^^oftoepresentrnvenrionsmpossibleandwiUbeapparenttomose 
stalled m the art given the benefit of mi, disclosure. The detailed description herein, for 
convenience, wiil focus on certain illustiative and exemplary embodiments. T»e multi-layer 
lanunated substiuies disclosed here, in embodiments operative to Junction in a liquid separation 
metoods such as tiqmd cinematography 

to filtenng, concentrating, separating and detecting, for example. A microchannel within the 
substiate may be packed with suitable media for chromatographic separations, e.g., WLC 
■separation. Removeably or petmanently mounted components-on-boatd may carty and deUver 
solvent, buffer, reagenVetc. Filtering and conccntiating can also be performed by the microfluidic 
) anbsuate assembly. "-erto prefaced emboutaents, me nuc^ 

cartndge-like, phtgging into a larger fluid separation analysis device, e.g. an HPLC instrument, that 
perfonns many of theae operations. In other embodiments, me mictofluidic substiate itself can be 
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considered as a component-on-board of another microfluidic substrate, e.g. a multi-layer laminated 
substrate conduit cartridge for example interfaced with a multi-layer laminated manifold attached to 
an analytical system. The microfluidic substrate assembly may be retained securely engaged in a 
receiving socket or the like in such larger fluid separation analysis device in various ways including, 
by way of example, a clamp or pressure plate mounted on the larger device, mamtaining good 
surface-to-surface fluid-tight sealing between the confronting device surfaces, or by appropriate 
dimensioning the device relative to the receiving socket to frictionalTy retain the devices therein. 
Given the benefit of this disclosure, it will be within the ability of those skilled in the art to select 
operations, e.g., separations methods, sensors and other testing, to be integrated into the microfluidic 
substrate assemblies disclosed here, and to determine which operations, e.g., filtering, are to be 
performed by other devices. Cartridge-like embodiments intended for temporary use preferably are 
adapted to be inserted into a correspondingly configured socket or the like in a fluid analysis device. 
Fluid-tight fluid supply connections and any necessary electrical and electronic connections can be 
established in the socket by including a suitable electrical connector, e.g. PCMCIA connectors, on 
the substrate. It will be understood from the above, that excellent flexibility and a wide variation in 
the level of integration is provided by the technology disclosed here. Any fluid handling or 
processing steps not performed by the microfluidic substrate assembly is instead performed in 
accordance with well known technology by equipment associated with the cartridge. The following 
detailed discussion of certain preferred embodiments assumes, generally, that the microfluidic 
substrate assemblies are employed together with (i.e., connected to) suitable associated devices to 
perform any operations not performed by the microfluidic substrate assemblies, and that in preferred 
embodiments the microfluidic substrate assembly is received into a supporting socket in such device 
to establish fluid, electrical, electronic, optical and/or other connections called for by any particular 
application. The following discussion is also directed embodiments where the microfluidic substrate 
assemblies are use, either alone or in combination with other components, systems or instrument, to 

will be able to use the microfluidic substrate assemblies disclosed here for these and other uses. 

It will be understood by those skilled in the art that the substrate assemblies disclosed here 
may comprise numerous different sizes and geometries, for example, the substrate assemblies maybe 
about 3 Vz inches by about 8 >A inches, 3 54 inches by 9 54 inches, 3 V* inches by 4 3 A inches, 5/8 
inches by 1 inch, 4 inches by 6 inches, or the cartridge may have the dimensions of apostage stamp, 
a PCMCIA card, and a credit card. The different size cartridges have innumerable uses and maybe 
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u«d many of numerous devicea. F»re M n* 1 ., m ^dim a r.sfha,are3 K inches by 9 K inches 

aa sector manifolds, ,g. injector valves, pressaxe sensors, detector flow cells, and as pre-' 
coocen.ra.io " manifold, e.g.flow-swito,^ valves and pre^ncenirato,. toembodunen«s.ha.are3 

e.g. CB columns, as conducuvrty cells, aa sensors, as valves, as pre^ncentration cartridges e g' 
valves, pre-concemration unite, sensors, Co., aa dynamic field gradient focnsing (DFGF) cartridge' 
.« e.g DFGF unite, valves, senaom, and the Uke. to embodiments fnat are 3/8 inches b 1 incb the 
aubstrato assembliea may be useful as sensor chips, e.g. pH, pO, pCO,. dissolved P 02, dissolved 
pCO,, salinity, conductivity, nitrate and phosphate sensors, aa mixer cbips, e.g. active uUraaonic 
mrxers, and may perform any nni, operations required by a aeration system or other analytic*, 
devme. Additionally, me substrate assemblies may be skinless steel for bigb pressure, may have 

ng.ds.dewallaormtog^ridgea.oprev^.polymercreep.mayfi.to.oabedofart.borichanmer 
e.g. a robotic fluid handler, may be plug and play, and may W. numerous fluid and elechical' 
connectors as discussed here. 

D will also be understood by those skilled in die art that innumerable components-on-board 
^becho.en topro vide addition* tacdo^^ 

example, me componen.-on -board may be operative to induce flow to a miortKhannelofmemuiti- 
layerlanrinstod^bsnatoendosmoticnuyorbye^^ 

on-board may be operative aa microfhudic devices, such aa a firting (e g. toes, unions, bulkhead 
umona, expands, reduce., e«c), a nnxer (e.g. static, active, utasonic, em.), a reactor (e.g plug 
flow star* mat packed bed, coatod waH, eto.), an injector (e. g. a valve tjpicaDy witb a sample 

ptston, belfows, eto.), a compmasor (e.g. centrifugal, bellows, piston, etc.), an ultrasonic bed (. g 
suspend particles, outer combinations, etc.), an extiaCor (e.g. aquid-liquid, gas-liquid, gas-gas 
. sohd-hqutd, eto.), a pm-concentrator, a Dynamic Field Gradien. Focusing (DFGF) device may 
™>*<™°'™>*<^chambem^ 

cbangea), a toxicity chamber (e.g. for m oni.oring a response to toxins or me by-product of drug 
metobohsm), and me like. Tne components-on-board may be operative as a detoetor, such aa 
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UV/Visible absorbance flow cell, a fluorescence flow cell, a conductivity flow cell, an 
electrochemical detector (e.g. amperometric, cyclic voltammetry, etc.), a plasma detector, a mass 
spectrometry detector (e.g. electrosprayMS source, quadrapole MS, particle beam MS source, glow- 
discharge MS source, chemical ionization MS source, plasma MS source, micro-Ion trap, 
electrospray plus micro-Ion trap, or time-of flight MS detector), and the like. The components-on- 
board maybe operative as a sensor, such as a flow meter, a pressure transducer, a temperature sensor 
(e.g. thermocouple, resistance temperature detector (RTD)), a chemical sensor (e.g. pH, D0 2 , DG0 2j 
salinity, conductivity, nitrate, phosphate, etc.) a capillary electrophoresis sensor, an acoustic sensor, a 
color sensor, an optical sensor, a bar code sensor, a photothermal sensor, a photoacoustic sensor, 
RFID tags, other Smart tags, and the like. The components-on-board may be operative to perform 
the function of numerous chemical devices and apparatus, such as reagent vessels, solvent degassers, 
separation columns (e.g. LC, CE, MEKC, etc.), iso-electric focusing columns (with or without 
ampholytes), size-exclusion columns, ion-exchange columns, affinity columns, solid-phase 
extraction beds and the like. The components-on-board maybe operative as filters, such as a packed 
bed, sieves (e.g. molecular sieves), fiits, depth filters (e.g. a channel stepped at increasing or 
decreasing depths), a self-cleaning (e.g. back-flushed) filter, and the like. The components-on-board 
may be operative to perform i nnumerable other chemical and physical operations such as distillation, 
flash vaporization, to provide an orifice for a pressure drop, as cocurrent extraction or reaction beds, 
as countercurrent extraction or reaction beds, as heaters, heat exchangers, coolers, momentum 
separators, as magnetic field generators, as electric field generators, and the like. One skilled in the 
art given the benefit of this disclosure will be able to select these and other components-on-board for 
assembly to the substrate assemblies disclosed here. 

In accordance with certain preferred embodiments, as disclosed above, a microscale fluid 
flow channel is in fluid communication with at least one operative component mounted aboard the 
multi-layer laminated substrate. The on-board component can seat and seal to any surface of the 
jubstrate^n^ 

or other rigid plates, which are especially well suited for high pressure applications not previously 
thought appropriate for miniaturized fluid manifolds employing plastic components to define flow 
channels, the on-board component can seat and seal to an outside surface of one of the metal plates. 
Also, such components can seal to inner layers of the substrate through an outer sandwiching plate. 
Mounting and sealing can be accomplished using mechanical attachment devices, adhesives, gaskets 
and any combination of these and other mounting materials and techniques that will be apparent in 
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view of this disclosure. For example, Fig. 9 shows an exploded view of a top plate 102 of a multi- 
layer laminated substrate 101 in accordance with the disclosure here. An on-board component 106 is 
shownprepared for mounting to the layer or plate 102 using an adhesive 106 and gasket 104 bavin* 
boss 107. ^adhesivewiUbondtomegasket^ 

adhesive interface voids 105. Port 103 in the top plate will provide fluid communication between a 
correspondmgly positioned port in the component (not shown) and a microchannel (not shown) in 
the substrate. The gasket boss 107 forms a seal around the port and insulates the adhesive from any 
adverse contact wim me sample fluid. In certain preferred embodiments, thermoplastic materials are 
used as thermo-processedbondinginterfacematerials. The thermoplastic PEEK has good adhesion 
properties to many of the materials found in commercially available operative components and 
provides good chemical and solvent inertness. The melt processing of a PEEK, or other 
thermoplastic bonding layer, preferably is controlled and localized to the fluidic junctions being 
formed. Light-activated adhesives can also be used such that the adhesive joins one or more layers 
after a suitable light source is incident on the adhesive. The light activated adhesive can be applied 
locally, e.g. to an area to be adhered, or can be applied to the entire surface of one or more layers 
The bonmng layer may also be require 

polymer during the melting stage is controlled to prevent closure of the junction. Thermal resistance 
weldmg can be used, for example, in conjunction with PEEK welded joints and can also be used to 
form the fluidic junctions between the substrates and on-board components. Suitable resistive 
elements for such thermal resistive welding can be defined accurately using thin or thick film 
technologies, and are capable of raising localized temperature to above the meltingpoint of PEEK 
Heat dissipation is also localized. These resistive elements are planar and can be readily coated with 
films of PEEK or other suitable thermoplastic. The material of the resistive element is chosen to 
provxde good adhesion to the thermoplastic. Electrical activation of the resistive heater elements is 
readxlyperformed in accordance withknown techniques during typical mass production operations 
and discussed further below in connection with Fig. 12. Electrical structures at the fluidic port 
preferably surround theport, and a layer of thermoplastic sufficient to establish the necessary seal is 
(hsposed onto the resistive heater in a pattern clear of the opening. The on-board component to be 
mounted to the substrate is accurately positioned, using mechanical devices such as an ahgnment 
stage, for example. The heater element is then activated to melt the thermoplastic. Thecomponent 
ispressedontomesubstmtesurfacetoestabhshmtimatecontactwim ^ 
power to the heater element is then removed and the small quantity of heat generated during the 
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mounting operation is dissipated into the component and the substrate and the thermoplastic 
interface solidifies to form the bond. Fig. 12 shows the outer surface 140 of a multi-layer laminated 
substrate 1 42 in accordance with the present invention. Surface electrical leads 1 43, 1 44 are seen to 
extend from heater electrical contacts 145, 146 to electrical resistive layers 147, 148 provided at 
5 fluidic ports 149, 150, respectively, on outer surface 140 of the substrate 142. 

Thus, in a typical assembly operation, first and second components to be mounted to the 
multi-layer laminated substrate 142 are positioned at fluidic ports 149 and 150, respectively. Upon 
applying electrical energy to the leads 143, 144 through the heater electrical contacts 145, 146, the 
electrical resistive layers 147, 148 are heated sufficiently to locally melt or soften thermoplastic 
10 material surrounding ports 149, 150 and thereby to bond and seal the on-board component mounted 
at that location. One skilled in the art given the benefit of this disclosure will recognize that other 
devices and methods can be used to assemble the substrates and to assemble the components-on- 
board to the substrates, such as the methods discussed below. 

In accordance with certain preferred embodiments, an alternative approach employs an 
15 interface gasket, which preferably comprises conical fluidic connections somewhat similar to the 
ferrule type fluidic connections in conventional HPLC and the ferrule connectors described in the 
commonly assigned U.S Patent Application incorporated herein by reference. Such features 
preferably are located on both surfaces of the gasket at the location of the fluidic junction of the on- 
board component and the substrate. During assembly, the component and the gasket are aligned onto 
20 the substrate and the gasket sandwiched under pressure between the component and the substrate. 
This forms a seal around the fluidic junction. Minimizing the area of contact between the gasket and 
the substrate or the component reduces the need for excessive localization pressures during 
component mounting. With the clamping pressure still in place, the position of the component can 
then be fixed by introducing an appropriate adhesive between the component and the substrate. 
25 Holes through the gasket would allow the adhesive to contact the component and substrate surfaces. 

shorter assembly processed time. (See discussion of Fig. 10.) A variety of techniques can be 
• employed to provide electrical connections (for power and/or signal transmission) between an on- 
board component and the substrate, including sonic wire bonding, TAB bonding, solder or 
30 conductive epoxy bumps, z-access electrical interconnect materials, etc. Suitable alternative bonding 
and electrical interconnect materials and designs will be apparent to those skilled in the art given the 
benefit of this disclosure. The assembly process described above can optionally be automated, and 
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many of the techniques are in use for SMT anrf «i „k;_ u *■ 

„_., „ se tor bMT and ftp-chip bonding operation!,. Suitable automated 

^^^^^^^-^^^^ 

^^^^^^^^^^^^ 

serve aa a teaervoir for eiuth* solute, buffers, teagena, etc. It win be uudesatood « 
Closure however, ^~c^be* rato nuc^e fluid flow oh^ and mo p^« 
component mounted aboarf *. muhi-layer .ammated subsume ueed no, necesaatfly ^ 

ZrTTT 0,vetteflowofs ^ IeMd ^^ o ^^-^on" 

Imutd or other fluid front » to the outer. Aboard components in aeoordanee wift cerJL 
^^-«dev i ce.ibr g en^fl^ dpresSTOtoi ^ cro ^ of ^ su ^ 

«« the apeetflc use intended for fte microfluidic subset, aaaembly and iuclude .iero- 
~e acuaafora Such operate components derate preasure by the phyaica, elusion Z 
cinder. ^"P^w^conv^^u^^^^ 

20 ^~^«^«-«>~.~ Snchdeviceaare^ 
although flten uae tn microfluidic aubahate assembles aa disclosed he™ haa no. before been 

S.222,,62, U.S. Pate* No. 5,263,323, U.S. Paten.No. 5,505,706, and U.S. Pateu.No 5 738 658 the 

The flmd communtcahon hereon me aubahate nucrochanne, and auoh acmaJT l*e 

mtcrocbatme, fo be acted upon direefly and phyaieally. „ « ^ „ ^ 
^.oaare, tha. in certain embodiment flae operahve contponen^on-boaru lusted 22 

30 r^"" • E ^^"^-^ll mt device s ,foreL n p 1 

7^' ^^^^^-^^ensfficonJZutup 
- - bubble and parucie tolerant aud capable of pumphtg utptids a, , nflVmin flow mteslu 
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commercially available from numerous sources such as FhG-IFT (Munich, Germany). Other 
pumping devices which can be employed as an operative component-on-board in various 
embodiments of the microfluidic substrate assemblies disclosed here include endosmotic induced 
flow devices, devices which pump by electrochemical evolution of gases and otherpumping devices 
5 well known to those skilled in the art. 

In accordance with certain preferred embodiments, other operative components suitable for 
mounting aboard the multi-layer laminated substrate will be apparent to those skilled in the art given 
the benefit of this disclosure, and will depend in most cases largely upon the application or use 
intended for the microfluidic substrate assembly. Exemplary of such other operative components are 
1 0 sensors for detecting or measuring a property or characteristic of fluid in the microchannel, or of a 
fraction or component of the fluid. Such sensors include, e.g., spectrographic sensors, such as 
sensors which comprise a light emitter passing light through a substantially transparent window or 
section of the microchannel and a light detector arranged opposite the emitter to receive and in some 
cases measure light. Such sensors and detectors, e.g. flow-cell detectors, are known although men- 
use in microfluidic substrate assemblies as disclosed here has not heretofore been suggested or 
recognized. Other sensors may include, for example, silicon based nUmaturized devices for 
electrochenuluminescent detection. The use of sensors as needed in microfluidic substrate 
assemblies disclosed here will be apparent to those skilled in the art given the benefit of mis 
disclosure. Also exemplary of such other operative components which can be mounted to the 
laminated substrate are acoustic transducers and reflectors and the like. Here, again, such devices are 
known, but their use in microfluidic substrate assemblies as disclosed here has not heretofore been 
suggested or recognized. Acoustic components suitable for generating a standing wave ultrasonic 
field transverse to the direction of flow in a microchannel are disclosed, for example, in mternational 
Patent Application number PCT/GB99/023S4, the entire disclosure of which is incorporated herein 
25 by reference for all purposes. For example, such devices can be operative in certain embodiments of 
^^Jkejaicrofhu^^ 

to trap particles against a flow of suspending fluid The above mentioned and other components 
.which are generally commercially available provide the building blocks of integrated systems in 
accordance with the present disclosure, for performing simple or complex chemical analyses. Today 
30 micro-pump technology encompasses devices fabricated from a range of materials including 
polymers, and using methods that are mass fabrication compatible. Current pump prototypes deliver 
both liquids and gasses (including chemically aggressive fluids) at flow rates in the order of 1 mlV 
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typically additional features. The two or more layers are stacked one on another with surface-to- 
surface bonding at their major (i.e., large) surfaces, e.g., by thermal welding, solvent welding, 
thermal resistance welding, focused or unfocused IR welding, adhesives, etc. If adjacent substrate 
layers to be joined have dissimilar thermal conductions (e.g., silicon and PEEK), then thermal 
bonding of these layers may be suitably accomplished by methods not requiring the heating of the 
entire mass. Heat can be introduced to the interface by applying it to the high thermal conduction 
material. The stacked layers preferably are substantially co-planar, optionally being curvo-planar or 
having other configuration, with one or more microchannels of the laminated substrate being formed 
at the surface-to-surface interface of adjacent layers, such that the bonding of the layers to each other 
forms the closed cross-section of the microchannel, i.e., forms a fluid-tight seal along at least a major 
portion of the longitudinal run of the channel. 

In accordance with certain preferred embodiments, the fluid handling devices disclosed here 
may be conveniently constructed by forming the flow passages in the surface of a suitable substrate 
layer, such as a layer of flexible or rigid plastic or other material, and then laminating the adjacent 
layer to the first layer. Micromachining technology is known, which is suitable for the manufacture 
of at least certain embodiments or certain portions of the microfluidic substrate assemblies disclosed 
here, having elements with minute dimensions, ranging from tens of microns to nanometers. A 
portion of one or more substrate microchannels maybe formed in one ormore of the substrate layers, 
such that the complete channel is only formed when the layers are joined together. The pieces are 
joined together in a fluid-tight manner to seal the channel, e.g., to form a closed (i.e., fluid-tight) 
periphery for the channel, such as for the transport of fluids. Closing or welding the pieces together 
to form and seal the channels can be accomplished in a number of known ways. One such method 
involves assembling, i.e., positioning the pieces together and heating the assembly to the melting 
point, or at least the softening point, of one or both of the pieces (or all of the pieces where more than 
two pieces are assembled together). Adhesive methods also are known for assembling the 
miniaturized fluid-handling substrates. Other methods will be readily apparent to those dolled in the 
aifrgiven^e a benefifr^ — — 

In accordance with certain preferred embodiments, microfluidic substrate assemblies 
disclosed here, having a multi-layer laminated substrate, can be designed and fabricated in large 
quantities using known micromachining methods. Such methods include film deposition processes, 
such as spin coating and chemical vapor deposition, laser machining or photolithographic 
techniques, e.g. UV or X-ray processes, etching methods, e.g. deep reactive ion etching, which may 
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not necessary to heat the substrate assembly in its entirety to the melting or welding temperature. It 
is the joint region or interface of the two plastic pieces that is exposed to radiation, forming the 
selective weld. Again using plastic substrate pieces to illustrate this aspect, the radiation from a laser 
beam or other radiation source can pass through a transparent plastic piece and into an opaque plastic 
piece. Melting of the opaque plastic piece results as the incident radiation is absorbed by the opaque 
plastic piece. Removal of the radiation results in cooling and formation of a weld between the two 
plastic pieces. 

In published PCT application No. WO 00/20157, the entire disclosure of which is 
incorporated herein by reference for all purposes, a method of forming a weld between two 
workpieces is taught, one of the pieces being opaque and the other being transparent to radiation. It 
also teaches a method of providing a radiation absorbing material at the joint region of the two 
workpieces, where both plastic pieces are transparent, in order to form a weld between them. 
Infrared radiation (]R) bonding has been used to join plastic articles, as in U.S. P/N 6,054,072, the 
entire disclosure of which is incorporated herein by reference for all purposes. The use of such 
techniques in the methods disclosed here and the advantages in the methods disclosed here will be 
apparent to those skilled in the art given the benefit of this disclosure. 

In accordance with certain preferred embodiments, Fig. la shows a cross-sectional view of an 
exemplary configuration of a fluid-handling substrate 5 . The top planar surface, hereafter referred to 
as the major surface, of a first plastic piece 10 and a major surface of a second plastic piece 1 1 have 
been welded together by irradiation of either the plastic pieces or of an optional EM absorbing 
substance 12 or both. The plastic components of the fluid-handling substrate described herein are 
preferably made of, but not limited to, materials selected from the group consisting of polysulphone, 
PEEK, polyfluoroethylene (PFE), polycarbonate, ceramic. Teflon, stainless steel, 
polydimethylsiloxane (PDMS), pyrex, soda glass, CVD diamond, PZT, silicon nitride, silicon 
dioxide, silicon, polysilicon, Au, Ag, Pt, ITO, Al, and combinations of any of them. PEEK is a 

inert, is insoluble in most common solvents, and it is also resistant to attack by a wide range of 
organic and inorganic chemicals. PEEK has excellent flexural, impact, and tensile characteristics. 
PEEK is especially advantageous because it has a low glass transition temperature (Tg) and will weld 
at a temperature that will not lead to the distortion, warping, or destruction of environmentally 
sensitive elements contained within the plastic pieces. Additionally, PEEK allows for visualization 
during the welding process and for visual inspection of the seals created by the welding process. 
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systems, flexible membranes, sensors with tiered membrane assemblages, electrical sensors, 
mechanical devices, biological components with sensor membranes, reagents for biotransformations, 
arrays of gene probes and analogues, detectors, and chromatography reagents. Certain sensors, 
whether electrical or biological, are also sensitive to high temperature and tend to be destroyed by the 
high temperatures. Fluids can also be sensitive to chemical adhesives and high temperatures of the 
current welding methods, and the composition of any adhesives added to effect welding of the pieces 
together may be altered by the incident radiation, for example the adhesive may photoreact with the 
other components within plastic pieces. Some fluids are susceptible to chemical reactions under high 
temperature and pressure, and the resulting products could change the character and reactivity of the 
fluid. For example, chromatography reagents, such as beads with bonded phases, can be destroyed 
by high temperatures. The substrate may also contain additional channels formed from welding.the 
plastic pieces together. For example, referring to Fig. la a second channel 15 is in close and 
continuous contact with an embedded microdevice 1 6. One skilled in the art given the benefit of this 
disclosure will be able to design fluid handling substrates comprising a plurality of channels and 
innumerable environmentally sensitive elements. 

In certain preferred embodiments, a microchannel is formed in the multi-layer laminated 
substrate at the interface of two layers. It is an advantageous aspect of these preferred embodiments 
that the layers are effectively welded or otherwise joined to form a fluid-tight seal along the 
periphery of the channel. A fluid-tight seal is a seal in which the channels do not leak fluid. That is, 
substantially no fluid can enter or exit the channels through the sealed periphery, but rather only 
through fluid communication ports provided in the substrate. For example, referring to Fig. 1 a, port 
1 7 is seen to comprise an opening in the surface of the fluid-handling substrate. It will be understood 
from this disclosure, that such fluid ports can be positioned at any convenient location in the surface 
of the substrate, taking in to account the need to provide fluid channels within the substrate to the 
port. The port may be located on either a major surface or on any side surface, hereafter referred to 
^as A rnin oj^sujfa^ 



that can extend to or through plastic layer 1 0 and/or 1 1 of the substrate. An element 14 is contained 
within channel or chamber 13 and is in fluid communication with port 17 of the substrate. An 
embedded microdevice 1 6 is contained within a second channel or chamber 1 5. It can be seen that 
both fluid channels 13 and 15 are formed by and at the interface of the two substrate layers 10, 11. 
The port and microchannel can be any suitable configuration, such as, straight, serpentine, spiral etc. 
Also, a wide variety of port geometries including, but not limited to, semi-circular, rectangular, and 
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handling devices are operative at extremely high pressures, e.g. greater than 10,000 psi, more 
preferably greater than 15,000 psi, the first and third layers may contain projections, e.g. upward or 
outward projections, to reinforce the fluid-handling devices. For example, referring to Fig. 1c, a 
multi-layer laminated fluid-handling device 80 comprises a first layer 84 having upward projections 
86 and 87 that contact the third layer 82 such that the second layer is completely enclosed in the 
fluid-handling device. That is, no surfaces of the second layer are exposed to the outside, except 
through a port extending from the surface of the fluid-handling device into the second layer, for 
example. Upward projections 86 and 87 may comprise any of numerous forms including for 
example reinforcing sidewalls, reinforcing members and the like. Optionally, additional projections, 
or mechanical barriers, 88 and 89 may extend between the first and third layers and into the second 
layer to further reinforce the fluid-handling device. In embodiments comprising upward projections 
that are operative to reinforce the fluid handling device, the device maybe assembled using any of 
the methods discussed above including for example, adhesiyes, welding and the like. One skilled in 
the art given the benefit of this disclosure will be able to design suitable fluid-handling devices 
capable of operating at extremely high pressures, in accordance with the devices and methods 
described here. 

In accordance with certain preferred embodiments, assembly of the fluid-handling substrate 
occurs as the substrate pieces are welded together and the channels are preferably sealed using 
selective EM welding techniques, such as selective IR welding. Selectively welded, as used herein, 
refers to a weld that produces a fluid-tight seal surrounding the channels in the plastic pieces or 
components of the fluid-handling substrate. The selective welding is preferably done substantially 
in the area immediately surrounding the channel the weld is intended to seal. However, this does 
not exclude any welding location that may create a fluid-tight seal. The most preferable welding 
methods include, but are not limited to, IR dosage (pulsed, continuous, intensity, 
frequency/bandwidth), IR delivery (spot, flood), thermal conditions (workpiece, platen(s), pick 
lSfil§),Jjl^QBis~agitafio^^^ 



possible configuration for assembly of a fluid-handling substrate that contains an environmentally 
sensitive component. The resultant channels and any components contained therein have been 
omitted from Fig. 3 for clarity. The chambers or cavities responsible for forming the channel after 
the pieces have been welded together can be machined into the plastic pieces using any method 
known to those skilled in the art, such as those described above. Referring to Fig. 3a, a first plastic 
piece 1 0 is capable of absorbing the incident radiation, whereas a second plastic piece 11 is energy 
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Thus by using the focusable EM beam, a fluid-tight seal maybe created without risking damage to 
any environmentally sensitive element within or attached to the fluid-handling substrates. The 
focusable beam may also be coupled with the use of a dye for time scheduled selective welding. As 
used herein, time scheduled selective welding refers to using different dyes between or coated on or 
contained within different portions of, each layer of the fluid-handling substrate. Two or more dyes 
can be used to ensure only those areas containing the appropriate dye are welded together. For 
example, two dyes, Epolight 5010 and Epolight 6084, both from Epolin, Inc. (Newark, NJ), are 
coated independently on different portions of the fluid-handling substrate to be assembled. Epolight 
5010 has a maximum light absorption at about 450 nm while Epolight 2057 has a maximum 
absorption at about 1064 nm. Therefore, radiation having a wavelength of 1064 nm, such as an 
infrared laser, would only be absorbed by the Epolight 2057, and only the areas of the fluid-handling 
substrate containing the Epolight 2057 would be welded together. A different radiation source 
having a wavelength of about 450 nm, such as an argon laser, would be required to weld any areas 
containing the Epolight 5010. One skilled in the art, given the benefit of this disclosure, will 
recognize that a focusable EM beam could be used in combination with multiple dyes for time 
selective welding and increased protection of environmentally sensitive elements. Additionally, a 
tunable dye laser could be used to provide rapid switching of the incident wavelength and thus 
providing more rapid methods for die selective welding process and assembly of the fluid-handling 
substrate. Additional materials suitable for use as IR absorbing materials include high temperature 
dyes, also available from Epolin, Inc., such as Epolight 3079, Epolight 4049, Epolight 3036, 
Epolight 4129, Epolight 3138, and Epolight 3079, for example. One skilled in the art given the 
benefit of this disclosure will be able to use these dyes and other dyes and materials for selectively 
welding layers to form the fluid handling substrates described here. 

In accordance with certain preferred embodiments, if all the pieces of the substrates are EM 
transmissive, the pieces maybe coated with a substance that is EM opaque such that selective 
Jggl^g-P f ihe j ay er s^^ ^ 

of absorbing the incident radiation. Preferred EM absorbing substances include, but are not limited 
■to, dyes and pigments, for example, Epolight 5010, Epolight 5532, Epolight 6034, and Epolight 
1125, all from Epolight, Inc., (Newark, NJ). Figs. 4a-4c show an exemplary configuration for 
assembly of a fluid-handling substrate where all layers of the substrate are EM transmissive. When 
joining plastic pieces that are all EM transmissive, it is necessary to either coat the surface of one or 
more of the plastic pieces with an EM absorbing substance to form an EM absorbing layer 12 or 
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la accordance with preferred embodiments, the radiation necessary to weld the plastic pieces 
together may be administered using several different methodologies including, but not limited to, 
fibre delivery, controlled spot size and controlled spot intensity, seam forming, and large area 
rastering. Preferred joining methodologies for the plastic pieces and/or components include IR 
dosage, IR delivery, thermal conditions, ultrasonic agitation, and pressure. The EM radiation source 
maybe any type of EM source, including commercially available lamps, e.g. arc lamps, or lasers. 
The EM radiation most preferable is infrared radiation (IR) with the IR source preferably being 
infrared lasers or infrared heat bulbs having tungsten filaments and integral parabolic reflectors. The 
EM source may optionally include lenses that vary the focal point of the beam. The EM source is 
generally positioned and tuned to project the EM beam a lens or grating and onto the aligned and 
mated layers of the fluid-handling substrate. It will however, be realized that any EM source, and 
any necessary accessory optical components, e.g. lenses, gratings, filters, monochromators and the 
like, may be used provided that a suitable EM absorbing material is available, and, if appropriate, 
one plastic piece is transmissi ve to the EM radiation used. One skilled in the art given the benefit of 
this disclosure will be able to select suitable radiative sources and methods for focusing those 
radiative sources onto layers to form fluid-handling substrates having fluid-tight seals. 

In accordance with certain preferred embodiments, the fluid-handling substrate may comprise 
an external component attached to the assembled fluid-handling substrate. Such external component, 
which is referred to as a component-on-board, can advantageously provide any of numerous 
functionalities to the fluid-handling substrate. For example, the component-on-board can act as a 
fluid reservoir, as an analytical device, such as a conduit cartridge, as a data analysis system, such as 
a computer, as a delivery device or may serve other roles. For illustrative purposes only, Fig. 6 
shows an embodiment of a fluid-handling substrate containing an attached component-on-board. 
The fluid-handling substrate may be assembled using any technique described above or any 
technique known to those skilled in the art. For example, the interface of the component-on-board 

between the external component and the fluid handling substrate. A component-on-board 50 is 
attached to a port 17 on the surface of the substrate assembly. As discussed above, an optional 
gasket maybe used at the interface of the port and the component-on-board to provide for a more 
effective fluid-tight seal between the component and the fluid-handling substrate. An internal fluid- 
tight sealed channel 1 3 may be in fluid communication with the attached component. Innumerable 
other devices may be disposed within the fluid handling substrate and/or the component-on-board. 
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technique described above or any technique known to those skilled in the art. Though not drawn to 
scale, a swappable component-on-board 60 attaches to the fluid-handling substrate through aport 17 
on the surface of an assembled fluid-handling substrate 40. The port optionally contains one or more 
connectors as described above. To facilitate attachment and maintenance of the desired fluid-tight 
seal, the swappable component-on-board 60 typically contains at least one connector. Additionally, 
the port 1 7 of the fluid-handling substrate 40 may contains at a gasket and a connector for accepting 
the connector from the swappable component-on-board. For example, the embodiment of Fig. 8 
shows a swappable component-on-board 60 containing a male connector 65 and the port 17 of the 
fluid-handling substrate 40 containing a female connector 66, The joint or interfacial areas of the 
connector 65 of the component-on-board 60 and the connector 66 of the port 17 act to form a fluid 
tight seal. After creating a fluid-tight seal between the swappable component-on-board and the fluid- 
handling substrate, effective fluid communication is established between any internal channels and 
any environmentally sensitive component contained within the fluid-handling substrate and the 
component-on-board. One skilled in the art given the benefit of this disclosure will be able to select 
suitable connectors and devices for creating fluid tight seals between swappable components-on- 
board and the fluid-handing substrate assemblies disclosed here. 

In accordance with preferred embodiments, the multi-layer laminated substrates disclosed 
here may be used in a chromatographic instrument. For example, a microchannel of the substrate 
may be coated with a packing material such that the substrate is operative as an analytical cartridge, 
e.g. see 1 30 in Fig. 1 IB. Referring to Figs 1 1 A and 1 IB, the analytical cartridge may be used, for 
example, to separate multiple species in a fluid. The sample can be introduced into the system using 
an injector, and a suitable mobile phase can be selected and introduced using solvent reservoirs and 
high pressure pumps. Preferably solvent gradients are implemented to achieve more efficient and 
better separation. In addition, the analytical cartridge can be in communication with a sample supply 
line, e.g. a waste line flowing out of manufacturing facility into a body of water, such that samples 
•may4?e*taken-automatieally*a^^ 

by the analytical cartridge using, for example, additional solid phase extraction (SPE) cartridges, pre- 
concentrators, guard columns, pumps, and the like in fluid communication with the analytical 
cartridge 130. Suitable separation systems for use with embodiments of the multi-layer laminated 
substrate disclosed here will be apparent to those skilled in the art. Exemplary analytical systems are 
discussed below in the Examples. 
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From the above disclose md de(ailed of ^ 

but no, hunted to , n„uid ta^, ^ ^ fte of ^ ^ 

S removeable o, swappable cmnponents^-board provides additions, funeuonau.y to toe fhrid- 
handling substrates. Fabrication of 4a substiute audits consents using PEEK pmvides design 
flexrbrhty and good opportunity for quality assurance in the assemMypmcess. 

Several examples ^^-J-^B^cBWdge^d-eriWh^. Tta«„^ 
are no, intended to limi, the fluid sepamtion conduit cartridges described here in any manner. 

Example 1 

Anexampleofaflmd-handlmgaubs^e^embly.ind.eformofafl^ 
cartridge, interfaced with an analytical system, e.g. a chromatography system, is shown in Kg ,3 
The analytical system typically is positioned within an end-user's facility for automated analysea' 
Iters, meanalytical system may be positioned near, or in-line. e.g. within me aample flow itself 

end-user s facility. For example, the system eanba configured fcranalyais * spewed intervals eg 
every minute, hour, day, etc., arch ma. continuous monitoring of a procosac*, be peafennedwim 
httle OT no user input ^ ^ ^ ^ configured tenm a .tamramgmphiom^ a, a 

aystem 400 typically comprises a multi-layer laminated conduit cartridge 420 interfaced with an 
aualyucal system, e.g. a chromatography instrument Numerous mechanisms for interfacing tire 
conduit cartridge wim toe analytical system are known to toose skilled in toe art and exemplary 

r t !rr^^^^ m ^^ ia ^ M ^^^^^edu Si ng 

ST"? etemng micmchannds into two or more layer of 

PEEK and assembling toe .ayera, using selective m welding for example, to form a microfluidic 
flowch^elattoeunerfaceoftoela^^ 

The analytical system optionally comprises a treatment unit 402, such as a filter, a guard column, a 
soh^eexnuctionsiloforanalytepr™^^ 
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That is, the concentration of an analyte may be increased 10 1 , 10 2 , 10 3 10 4 , 10 s , 10 6 , 10 7 , 10 8 , 10 9 
times or higher to levels that are easily detected using the detector of the analytical system. The 
treatment units are optional and may be replaced with other chromatographic devices, such as, for 
example, guard columns, filters, semi-permeable membranes, etc. Alternatively, the treatment units 
can be replaced with a fluid flow channel such that little or no operations are performed on the fluid 
prior to entry into the conduit cartridge. 

The system also typically includes a graphical user interface 404 for programming the system, 
e.g. the method, and/or monitoring system performance. The graphical interface may take numerous 
forms such as, for example, a keypad, an LCD screen, a touch screen, e.g. a touch screen display 
unit, etc. In certain embodiments, the graphical user interface is omitted and the information on the 
conduit cartridge is used to program the system. The system optionally contains a 
receiver/transmitter 406 to provide for remote operation and diagnosis, e.g. operation of the 
analytical system over the Internet and/or transmission of data over the Internet to a remote facility. 
In certain embodiments, the conduit cartridge itself comprises a receiver/transmitter, and thus the 
receiver/transmitter of the analytical system may be omitted. 

The system typically includes at least one detector 408. The type of detector used typically 
depends on the optical and physical properties of the species in the fluid. Additionally, the detectors 
are usually interchangeable such that the detector maybe switched to a different type of detector, e.g. 
from a UV-Visible absorbance detector to a fluorescence detector. Suitable detectors include but are 
not limited to UV-Visible absorbance detectors, IR detectors, fluorescence detectors, electrochemical 
detectors, voltammetric detectors, coulometric detectors, potentiometric detectors, thermal detectors, 
ionization detectors, NMR detectors, EPR detectors, Raman detectors, refractive index detectors, 
ultrasonic detectors, photothermal detectors, photoacoustic detectors, evaporative light scattering 
detectors, mass-spectrometric detectors, and the like. The conduit cartridge 410 typically interfaces 
with the system through a manifold, which is discussed in detail below. In alternative embodiments, 
howey«er,,thexonduitcartridgexan^^ 

to a fluid supply source, e.g. a pump and/or injector, without any intervening mechanical 
components, for example. 

A closeable face plate 41 5 maybe hingeably or removably attached to the system and can be 
closed over, or around, the system to protect the system from harsh environmental conditions, such 
as chemical solvents, UV radiation and the like. Supplying power and data to the chromatography 
system is a power and communication interface 416. Such interfaces typically are operative to 
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provide a power S o Ur ce,o ft e^™, andcaa ^ pro ^ ero ^ MHonofttesystemtoacaiW 

computer, e.g. a computer in cormntuncation with the system for monitoring tea resmta and/or for 
receiving information from the system. 

5 asm , "! f" IePraiUCMi, » a «4 is typicauy used ,o introduce 

sampletntothesystom. Sui.ab 1 e fc ed-loop mj ec l o IS a r ewe Illm „™ tothosesldUKiintheartmd 
art , commercial availaMe from aources, e.g. BeOtmam mstrumofra 

Otoerm J ectomn*ybeused i np,aceo,,he fixed-loop tajcctordependmgonmemfendeduseoffhe 
system. For example, aufo-injectots and/or aufo-samp,=rs may he used «o provide for automated 
s^hngandanalysisoffluids. Suitah I eau,o- S amp 1 er S sndaa to .„ j eo to r S are W eU ta o W „ tofll ose 
stalled m the art and are commercially available from numerona manufacturers. Optionally ma 
syatem can he programmed such ma, me aufo-samplers and/or auto-injectors take aamplea a, 

prec.se nncroflumics for accurate aofven, gradient and includes aolven. reservoira and/or reagent 
magmas 413 for providing a fluid phaae forrunning me chromatographic memoda of the conduit 
carfrrdge, e.g. aolven, gradient* and me hie. Such precis, microfluidiea can he achieved using 

**tgnedU.S ; P-en,AppHcafio ffifa corpora,edhereu,hyrefereneeforaflpurp 0 aea. Aamaeuaaed 
above, fyprcany m fluid communication with the aolven, reservoirs are one or more pumps, which 
20 are operative to generate a fluid flow. 

TypicaHyfceayatemimtto^ 

»~P^«-a^.ltaia,m.dmrena i0 na m d^of*eaya to mcanbede^ te 
Placemen, of me syatem in numerona areaa of an operafing facility, and me functions. e.g. m. 

end-user. ^ pmteed embodiments, me ayatom la p!aced near me aample or proceaa to be 
^^.^atia.theayatemmayb.p.aced, either fixably or removably mounted, for example 
near me flmd to be analyzed. For example, me system ean be custom mourned to a condm, 420 toa,' 

me eonfiguratton me ay^ can automadea.lyaam pl e*e flmd flowing dnough me 

*. eondmt can be connected to me analyuea, system for mhoducmg samples into fire aystem 
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through a fixed-loop injector, for example, using a needle, syringe, and the like. One skilled in the 
art given the benefit of this disclosure will be able to select suitable positions for the system 
described here depending on the type of analyses to be performed by the system 

The fluid separation conduit cartridge typically interfaces with an analytical system through a 
manifold, e.g. the multi-layer laminated manifold 456 shown in Fig. 14. Multi-layer manifold 456 
may be assembled using any of the methods described above and other methods know to those 
skilled in the art. In Fig. 14, the conduit cartridge 452 will be understood to be analogous to conduit 
cartridge 410 shown in Fig. 13. Thus, Fig. 10 shows a first multi-layer laminated assembly, e.g. the 
conduit cartridge 452, interfaced to a second multi-layer laminated assembly, the manifold 456. As 
discussed, the manifold 456 is seen in the particular embodiment of Fig. 14 to be a multi-layer 
laminated structure and has one or more microfluidic channels for introducing fluidinto orreceiving 
fluid from the conduit cartridge. For example, the manifold 456 may comprise a first layer 458 
attached to a second layer 459 which itself is attached to a third layer 460. As can be seen in Fig. 1 0, 
the second layer 459 typically is sandwiched between the first layer 458 and the third layer 460. 
Fluid channels can be provided within and/or at the interface(s) of the layers of such manifolds. For 
example, layer 459 in the manifold 456 of Fig. 14 can optionally be constructed as a microfluidic 
substrate assembly as described above, optionally with layer 459 being formed substantially of 
PEEK. The layers of the multi-layer laminated manifold each can be manufactured from any of 
numerous materials, including but not limited to PEEK, steel, e.g. stainless steel, and the like. 
Different layers of the multi-layer laminated manifold may be formed of different materials. In 
certain embodiments, the microfluidic flow channel is between two or more of the layers, e.g. the 
microfluidic flow channel can extend from the third layer into the second layer and optionally into 
the first layer, for example. The microfluidic flow channel can be formed in one or more of the 
layers using numerous techniques, e.g. UV embossing, nucro-machining, inicro-milling, and the like. 
For example, a micro-channel can be etched into the second layer and the first layer such that when 
Jhgjecondjajie^ 

discussed above, the layers can be assembled to form the multi-layer laminated manifold. For 
example, the layers can be assembled by welding the layers together, optionally with a gasket 
positioned between the layers, or can be assembled using adhesives and the like. One skilled in the 
art given the benefit of this disclosure will be able to select suitable methods for assembling the 
layers of multi-layer laminated manifolds suitable for use with multi-layer conduit cartridges 
disclosed here. Preferably, the manifold comprises at least a first microfluidic channel in fluid 
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ca^ndge and fte „ ^ _ flow ^ rf ^ J « 

z^^I^!^ terfacewithananaI,tioaIsy!temi,, — - 

OTb ccnn mts concnn cart^e is plugged ^ ^ ^ ^ 
cond»c^d E eca Dt . md ^ Mdc „ catt<Bwithaflow 

2ZZ ^^^^^^^^^ 

cartndge disclosed here to an analytical system. 
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In other embodiments, the manifold itself is in communication with a second component-on- 
board, such as a device that is operative to generate fluid flow. For example, referring to Fig. 1 1, a 
pump 470 can be attached to the multi-layer laminated manifold 456 and can be configured such that 
fluid is drawn from a fluid reservoir, e.g a solvent reservoir, and is forced into manifold 456 and 
5 subsequently into conduit cartridge 452. Such devices may be any of the devices known to those 
skilled in the art and discussed above including but not limited to pumps, vacuum manifolds and the 
like. The device for generating fluid flow can also be in communication with one or more injectors 
and discussed above. 

10 Example 2 

An additional example of a multi-layer laminated conduit cartridge, assembled in accordance 
with this disclosure, interfaced with an analytical system is shown in Fig. 16. The analytical system 
500 comprises a conduit cartridge 502, e.g. a cartridge operative to perform capillary liquid 
chromatography, a graphical user interface 504, and buffer cassettes 506. The graphical user 

15 interface can be used to program the system and/or the conduit cartridge for a specific method, e.g. a 
specific solvent gradient, run time, flow rate, and the like. As discussed above, the graphical user 
interface can be omitted in embodiments where the conduit cartridge is operative to program the 
system, e.g. where the conduit cartridge comprises an analytical method in a memory unit within the 
conduit cartridge, for example. The buffer cassettes are equivalent to solvent reservoirs. That is, the 

20 buffer cassettes maybe loaded with any suitable mobile phase needed to perform a chromatographic 
method, for example. Preferably, the mobile phases are different in different buffer cassettes such 
that solvent gradients can be implemented in the analytical method. The buffer cassettes maybe in 
communication with one or more devices that are operative to generate a fluid flow (not shown), e.g. 
pumps and the like. The system 500 typically has one or more power and communication interfaces 
25 508 and can be custom installed 5 12 at a user's facility such that automated analyses may take place 

communication interface may send and/or receive data to or from a central computer, or other device. 
. The system can be controlled by remote operation and diagnosis using a communication device 510 
by various methods, such as for example, e-mail over the Internet. The communication device 
30 typically is used to alter the method of the system without having to manually enter the new method 
using the graphical user interface. This feature provides for remote configuration, or reconfiguration 
as the case maybe, of the system. In certain embodiments, the communication device is omitted and 
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15 



20 



25 



30 



_ca fi o n d e vicepod ti on e dw ift ach mberi n Ule ccndui t ca r «d g e )t o aiesys , m .A S canbe 
seen n, F.g. IS , fte sjze of to condm , ^ ^ ^ ^ ^ ^ ^ ^ 

less space on the analytical systeD , Suibble ^ ^ 

■naWtaale co^ and the to, can be attached «o the condn,, cartridges and a™ tjpilally 

dectncal connect can be attached to the conduit cartridge including these discussed above for 
example, PCMOA connectors, USB connectors, serial connectors and the hie. The electrical 
connectors typically provide tor transfer of information to and front the conduit cartridge 

As discussed above, the fluid separation conduit cartridge can interface with the system 
througbamam* H^-mem^Msho^mHg. M.meanit^^^^^, 
e.g. wttoout any intervening physicai compon^. Suitable connectors for intorfacing with 
manrfold can he positioned on arty surface of me housing unit of the conduit cartridge. The fluid 
s« P .a„on conduit cartridge 50 2 may inch.de one or more electors on a major surface, e.g. me 
^ surface of the conduit cartridge 502 sho™ in Pig. 16, such ma, me conduit cartridg! can 
wtth a manifold and si, flush wito me surface of the syston, For example, me condui, 
cartndge may have otuwartily projecting connectors p,ng into a manifold, having receiving 
^postuonedonme^yfcal^ Wh^thecnndunc^dgetsptaggedrntomem^ 

surface of me anaiyuca, systom. Thus, me condui, cartridge is in fluid communication w*h me 
sn^,a, systom and is retained by toe system such ma. vibrations wifl no, dis,odge me condm, 

even ,n toe presence of vibrations or otoer phjsical dishnWs. Numerous odter devtoes, e g 

^•^^.P^P^anddteh^n^beu^to^thec^eartrf^a^ 
.utemamfoldoftoesys.emsnchtoa.afluidagh.sealispreserved 

,s « *TT*^*^*^*^^*^«^«***>~ « 

annctpatod ma, ofl.er uses, aheradons and modiflcations thereof win become apparent to «ho's 
*»- m toe art given toe benefl, of tois disCosure. Such aherations are intondlo inclode 2 
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any of the other embodiments disclosed here. It is intended that the following claims be read as 
covering such alterations and modifications as fall within the true spirit and scope of the invention. 
It is intended that the articles "a" and "an", as used below in the claims, cover both the singular and 
plural forms of the nouns which the articles modify. 
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What is claimed is: 

1 • A microfluidic substrate assembly comprising: 

a multi-layer laminated substrate defining at least one fluid inlet port and at least one 
H^croscaleflmdflowch^ 
port for transport of fluid; and 

at least one operative component mounted aboard the multi-layer laminated substrate in 
communication with the microscale fluid flow channel. 

2^ Thcmicmfluidic substrate aaaemblyof claim 1, in which meoperative component mounted 
fluid flow channel. 

3. ^n^atMcsubah^aasemblyof^ 

aboard the multi-layer laminated substrate is operative aa a fluid reservoir. 

4 ^^Mdmsubstmmaasen^^ 

aboard the multi-layer laminated substrate is operative as a Ugh, sensor acroas a microscale fluid 
flow channel within the multi-layer substrate. 

aboard me multi-.ayer laminated anbstrate is operative as an ultrasonic actuator or transducer across 
a mrcroscale fluid flow channel within the multi-layer substrate. 

6. ^^fl^oanbsti.teassembtyofclahnl.mwmchmeopemtivecomponent 
•of the substrate. 



7^ ^--fluidicsubstrateassemblyofclamr^mwmchmeopem^ 
aboard me multi-layer laminated substrate is a thermal actuator. 



46 

_0228532A2 I > 



WO 02/28532 



PCT/US01/31333 



8. The microfluidic substrate assembly of claim 6, in which the operative component is a 
micromachined pump, diaphragm pump, syringe pump or volume occlusion pump. 

9. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative to induce flow in a microchannel of the multi- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. 

1 0. The microfluidic substrate assembly of claim 1, in which the multi-layer laminated substrate 
further comprises at least one fluid outlet port in fluid communication with the fluid inlet port within 
the multMayer substrate. 

1 1 . The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is at least one electronic memory unit mounted to the 
substrate assembly and operatively connected to the microfluidic substrate assembly. 

12. The microfluidic substrate assembly of claim 1 1, further comprising at least one operative 
component mounted aboard the multi-layer laminated substrate in communication with the 
microscale fluid flow channel and operative to generate an electronic signal corresponding to a 
detected characteristic of fluid in the microscale fluid flow channel, wherein the at least one 
electronic memory unit is connected to the operative component to receive and record the electronic 
signal. 

13. A microfluidic substrate assembly comprising a generally planar multi-layer laminated 
substrate defining 

at least one fluid inlet port and at least one microscale fluid flow channel at each of more 
^than*one4eraLwiihm4h 

at least one microchannel via extending between levels within the multi-layer laminated 
•substrate for fluid communication between microscale fluid flow channels of different levels. 

14. The microfluidic substrate assembly of claim 1 3, in which the at least one microchannel has a 
configuration which is straight, curvo-linear, serpentine or spiral. 
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5 A - * subshate aasemb,y comprising a mulu-layer .aminated ^ ^ „ 

formed of ptashc and 40 ^ „ operalive _ fluid 

mioroscale fluid flow channel m oxcoss of about 100 pd. 



16. 



Theuucrofluidlc^baua.oasaon.blyofclauulS.tawhichu^mulri^ 
«eand fluid ^Utfluidp^^ouri^eflulaflowcban^m^o^ 

further compnsea „g,d plates sandwiching the plastic layer between them. 
18. ™°™™^^te^ lyofcMml7Mh 

the mulnple plastic layer between them. owicmng 

11 1 ^^'^^y^ '^whichmemulripleplaaric layers of me 
a channel within the substrate. ^ "* 

7^17 ' d ~*^ ttte ^^ f -»^inwmcha.leas,one^ r 
of the mum-layer lammated substrate is formed of PEEK. 

21. Tie microfhridic substrate assembly of claim 20, in which the a, leas, one PEEK layer is 
•formed of amorphous PEEK. 

22. The mictufluidic substrate assembly of Cairn 20, in which the a. leaa, one PEEK layer ia 
formed of crystalline PEEK. 
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23. The microfluidic substrate assembly of claim 20, in which the at least one PEEK layer 
comprises JR absorbing species in concentration sufficient for JR welding of the PEEK layer. 

24. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
distributed substantially homogeneously throughout the PEEK layer. 

25. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
disposed on the surface of the PEEK layer. 

26. The microfluidic substrate assembly of claim 25, in which the IR absorbing species is 
selected from dyes, zinc oxide, silicon oxide and metal species. 

27. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel within the multi-layer 
substrate in fluid communication with the inlet port for transport of fluid, wherein at least first and 
second layers of the multi-layer laminated substrate are selectively welded to each other to form a 
fluid-tight seal at least along a channel within the multi-layer l amin ated substrate. 

28. The microfluidic substrate assembly of claim 27, in which the multi-layer laminated substrate 
further comprises at least one environmentally sensitive structure intolerant to a transition glass 
temperature of the first and second layers. 

29. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is an architectural feature of the microscale fluid flow channel, a mechanical sensor, a 
mechanical device, an electrical sensor, an electrical device, a fluid, chromatography reagents and 

^^.any.co mbi nntion.of.them. ~— - - — — — 

•30. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is disposed in the microscale fluid flow channel. 

31. A method of producing a multi-layer laminated substrate, comprising the steps of: 
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forming a surface-to-surface interface by aligning a surface of a to substrate 
consent against a surface of a second substrate component to form a subsbnto sub- 
assembly having an internal fluid channel at the interface; and 

^-^esub-aasen.blytocadiationtohea.onlyoneor.noceselectedpornonsof 
flord-hgh, sea. between the anbsbate components a, the interface along the fluid channel. 

3Z Them^odofctoS! ^ercontprisinguaestepaofcoaungatleaafaselecledareaofuue 
***** of the to substrate component w«h a radiation abaotptive matoria, prior to fomto the 
surface-to-surface interface. ™ e me 



33 ^^o^lataSimwhichte^sorpdven^tenaliacna^dontoonlyoneocmore 
select* porhona of una aurf.ce of the to subsbate contponen, and the sub-assejy „ JZ 
non-selectively to ]R radiation. exposed 



^toiubr od ° fcto32,towuchta ^ avemMrt ^^ Mtoto ^^of 

^ M ~ md ^°- OT — ^^-ofthehtterfaceareettpoaedto 



35. The method of Cain, 34, in which the sub-assembly is exposed to radiation through amaah 
havnrg a conngurabon conespouding to me one or more seiected porbons of me interfaT 
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substrate assembly and method 
for making the same are disclosed. 
The substrate assembly comprises 
a multi-layer laminated substrate 
defining at least one fluid inlet port 
and at least one microscale fluid 
flow channel within the multi -layer 
substrate in fluid communication 
with the inlet port for transport 
of fluid. The substrate assembly 
may optionally comprise additional 
components and elements located 
within the substrate assembly or 
attached to the substrate assembly. 
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15 

Field of Invention 

The present invention relates to fluid-handling substrate devices and more particularly to 
microfluidic substrate assemblies and to methods for making certain preferred embodiments of such 
microfluidic substrate assemblies. 

20 

Background 

Systems for biochemical, chemical, and molecular analysis can be miniaturized as substrates 
with multifunctional capabilities including, for example, chemical, optical, fluidic, electronic, 
acoustic, and/or mechanical functionality. Miniaturization of these systems offers several 

25 advantages, including increased portability and lower production cost. Such devices can be 
fabricated from a diverse ensemble of materials including, for example, plastics orpolymers, metals, 
silicon, ceramics, paper, and composites of these and other materials. Typically, such substrates 
include fluid channels extending within them for the transport and/or analysis of fluids or 
components contained in the fluids. Additionally, the channels may contain fragile or 

30 env ironmentally sensitive structures, such as materials, architecture and/or devices used for 
analyzing the fluids or components contained therein. Mesoscale sample preparation devices for 
providing microvolume test samples are described in US patent No. 5,928,880 to Wilding et al. 
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invention to provide improved fluid-handling substrates, particularly micro-fluidic substrates, and 
improved methods of forming such fluid-handling substrates. These and other objects of the 
invention will be more fully understood from the following disclosure and detailed description of 
certain preferred embodiments of the invention. 

Summary 

In accordance with a first aspect, fluid handling devices are provided, comprising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
channel (also referred to in some cases here as a microfluidic channel or a microchannel of the multi- 
layer laminated substrate) within the multi-layer substrate in fluid communication with the inlet port 
for transport of fluid to be tested, analyzed or operated on. Preferred embodiments of the devices can 
be utilized in a wide range of automated tests for the analysis of a fluid. As used here fluid refers to 
gases, liquids, supercritical fluids and the like, optionally containing dissolved species, solvated 
species and/or particulate matter. Testing or analysis of a fluid has a broad meaning, including any 
detection, measurement or other determination of the presence of a fluid or of a characteristic or 
property of the fluid or of a component of the fluid, such as particles, dissolved salts or other solutes 
or other species in the fluid. Especially preferred embodiments of the fluid handling devices 
disclosed here are operative to perform liquid separation analyses. That is, the devices perform or 
are adapted to function in a larger system which performs, any of various different fluid separation 
test or analysis methods, typically along with ancillary and supporting operations. 

In accordance with another aspect, the fluid handling devices include a substrate assembly 
comprising a multi-layer laminated substrate microfabricated to define at least one microscale fluid 
flow passage. Numerous materials are suitable for the individual layers of the substrate, depending 
on the use environment and functionality intended for the device. Suitable materials include, for 
example, polymers, plastics, e.g. rigid or flexible plastics, glass, ceramic, metal, silicon, etc. and 
combinations of numerous materials. In certain embodiments, additives, such as carbon black, dyes, 
titanium dioxide, gold, e. gj _jle^pJated_goJd^r^^ 

additional polymers, e.g. a secondary polymer or second phase polymer reactive with the primary 
polymer of the laminate layer, IR absorbing materials, and the like, may be included, as a surface 
coating and/or a body filler, in the materials used to form any of the layers of the multi-layer 
laminated substrate. A layer formed of materials suitable for micromachining may be used, for 
example, with another layer formed of material compatible with waveguide, thick film, thin film or 
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within the laminated substrate, and chambers and other structures within the laminated substrate, 
when viewed in cross-section, may be triangular, ellipsoidal, square, rectangular, circular or any 
other shape, with at least one and preferably all of the cross-sectional dimensions transverse to the 
path of the fluid flow. It should be recognized, that one or more layers of the laminated substrate 
may in certain embodiments have operative features, such as fluid channels, reaction chambers or 
zones, accumulation sites etc. that are larger than microscale. Additionally, the multi-layer laminated 
substrate may be attached to one or more devices that are larger than microscale and optionally have 
an adaptor such as a valve, for example, to provide a suitable interface with the laminated substrate 
and/or to regulate the fluid flow rate into the laminated substrate. The multi-layer laminated 
substrates disclosed here can provide effective fluid analysis systems with good speed of analysis, 
decreased sample and solvent consumption, the possibility of increased detection efficiency, and in 
certain embodiments disposable fluid-handling devices. 

In accordance with an additional aspect, the microfluidic nature of the substrate assemblies 
disclosed here provides significant commercial advantage. Less sample fluid is required, which in 
certain applications can present significant cost reductions, both in reducing product usage (for 
example, if the test sample is taken from a product stream) and in reducing the waste stream disposal 
volume. Samples can be concentrated prior to separation and/or entry into the microfluidic substrate 
assemblies. In addition, the microfluidic substrate assemblies can, in accordance with preferred 
embodiments, be produced employing micro electromechanical systems (MEMS) and other known 
techniques suitable for cost effective manufacture of miniature high precision devices. The micro- 
scale fluid flow channel(s) of the multi-layer laminated substrate of the microfluidic substrate 
assembly and other operational features and components of the microfluidic substrate assembly, such 
as components for liquid chromatography or other fluid separation methods, heating or cooling fluid 
handled by the assembly, generating electrical or electromagnetic or acoustical (e.g., ultrasonic) 
forces on the fluid, generating high pressures or pressure differentials, fluid mixing, reacting, 
analyzing, extraction, amplification or focusing or concentration, labeling, filtering, selection, 

, Purification, etc., can be mtegrat&Linto^^^ 

substrate as an on-board component or incorporated elsewhere in the microfluidic substrate 
assembly. Such operational devices, including, for example, devices integrated as an external 
component-on-board mounted in fluid-tight fashion to any surface of the substrate and/or devices 
embedded within the body of the substrate, in accordance with preferred embodiments of the 
microfluidic substrate assembly, are micro-scale devices, as defined above. 
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channels are referred to in some instances below as interlayer microfluidic channels. In preferred 
embodiments, the microscale fluid flow channels at each of multiple levels within the substrate are 
formed at the surface-to-surface interfaces between layers of the substrate. Two levels of 
microchannels are formed, for example, by a PEEK or other plastic plate or disk having 
5 micromachined or micromilled grooves on both an upper and lower surface and sandwiched between 
two other layers of the substrate. A through-hole micromachined or otherwise formed in the plastic 
plate passing from an upper surface groove to a lower surface groove provides a fluid 
communication via, e.g. provides a fluid flow channel. In certain preferred embodiments one or both 
of the sandwiching layers of the substrate is a flexible sheet or film. As used here, the term 
10 "generally planar multi-layer laminated substrate" means card or cartridge-like, optionally being 
curvo-planar or otherwise irregular, but typically being rectilinear or right-cylindrical, and having a 
thickness less than about one third, preferably less than one quarter, more preferably less than about 
one fifth, e.g., about one sixth or less, the largest dimension of the major (i.e., largest) surface of the 
laminated substrate. The dimensions of the laminated substrate referred to here are measured 
without including any external components mounted on-board the substrate. Nor do they include 
electrical leads or connectors or conduits carrying sample fluid to or from the laminated substrate. 
One or both of the sandwiching layers can be welded or otherwise bonded, selectively or not, to the 
micromachined layer to provide fluid-tight sealing along the microchannels. Additional levels of 
microchannels are provided by stacking additional micromachined plates in the substrate. 
20 Directional references used here are for convenience only and not intended to limit the orientation in 
which the multi-layer laminated substrates are used. In general, the multi-layer laminated substrates 
can be used in any orientation; solely for purposes of discussion here, they are assumed to be in the 
orientation shown in the drawings appended hereto. One skilled in the art, given the benefit of this 
disclosure, will recognize that microchannels and vias of the multi-layer laminated substrate can 
25 have any suitable configuration including straight, curvo-linear, serpentine or spiral. The cross- 
sectional configuration of the microchannels can be regular, i.e., uniform, or irregular, to suit the 
needsjafanjntended application 

In accordance with another aspect, fluid handling devices are provided comprising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
30 channel within the multi-layer substrate in fluid communication with the inlet port for transport of 
fluid to be tested, wherein at least one layer of the multi-layer laminated substrate is formed of 
plastic and the substrate assembly is operative and fluid tight at high fluid pressure in the microscale 
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excess of 100 psi, preferably in excess of 200 psi, more preferab.y in excess of 300 psi, mos. 
preferably a. pressures greater than 500 psi. Aa used here psi prefeab]y ^ , o psf ^ 
opposed ,o psi absolute. Especially preferred embodiments are operative, including being fluid-tigh. 
5 along the periphery of the microchannels within the substrate, even a, fluid preaaure in the 
mtcoscai. fluid flow channel in excess of ,000 psi. Prefe*ed embodiments employing pUstic 
substrate layers in high pressure embodiments provide significant advantages in manufacturing cos. 
and flex,bili,y. to certain preferred embodiments, the miemfluidic substrate asaembly employa a 
mulh-layerl^ted substrate having rigid platea sandwiching plaatic layer behveen them. The 
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plastic layer between .hem are fotmed of mete, and are faa.ened directly ,„ each other. Aa uaed here 
dnec featemng means ma, a bol. or other faster baa compreaaive contact with me rigid 
sandwiching pla.es. Prefen»,y multiple bolta or .be like ex.end from one .o me other office rigid 
aandwehing piatea. m accordance wim certain preferred embodiment, groovea for fluid flow 
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fluck. When me subafrate is aasemb.ed, a layer of PEEK or omer plaatic, e.g., .003 - .005 inch duck 
layer of PEEK clamped between .he pla.es, in cooperation wim fire clampingp.atea groovea, defines 
flmd Ugh, nncrochannela of me resulting multi . layer .aminated subsuate. Through holea in me 
PEEK layer can serve aa verfica! viaa in me subsfrate te pmvide fluid conrn.unica.ion from 
tmcrochannels in me inaide aurfaoe of me .op clamping plate ,„ those in me lower clamping plate 
F,g. lOshowa an exemplary auch emhodiment. Bonom clamping p la .e ,10 haa micrcgrooves 114 
machmed mtoits inaide surface 1 16. Top elampingplate 1 ,2haa aimilargreovea 118. PEEKlayer 
UOhaamicrogroovea^aandmmugh-holesn^ Otiaerconfigmation win be readily apparent to 
those stalled in the an given the benefit of mis disclosure. " ' 

In accordance wim another aapect, fluid handling devices are provided comprising a mulfi- 
layer laminated substrate denning a, ,eaa, one fluid in,., port, a, leas, one micrescure fluid flow 
channel within me mulfi-layer subafrate in fluid communication wim me inle, port for transport of 
ftud «o be tested, and a. leaa. one elecfronic memory unit mounted ,„ the subsfrate aaaembly and 
operative* connected «o me another component of me ntiemfluidic subafrate aaaembly. As useo 
here memory uni, refers to any device ma, is operafive te atere, read, write, and/or read and write 
mformation. Prefenred memory units indude bu, are no, limited to memory chipa, e.g., read only 
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memory (ROMs), programmable read only memory (ROMs) erasable programmable read-only 
memory (EPROMs), electrically erasable programmable read-only memory (EEPROMs), DIMMs, 
SIMMs, and other memory units and memory chips well known to those skilled in the art and 
commercially available from numerous manufacturers such as Siemens, Toshiba, Texas Instruments 
5 and Micron. Other suitable devices for the memory unit and techniques for the use of encryption in 
the acquisition, storage and transmittal of data by or to the memory unit may be found in the 
commonly assigned United States Patent Applications incorporated herein by reference. In 
accordance with certain preferred embodiments at least one operative component mounted aboard 
the multi-layer laminated substrate, as disclosed above, is in communication with the microscale 
1 0 fluid flow channel and is operative to generate an electronic signal corresponding to a detected or 
measured fluid or characteristic of fluid in the microscale fluid flow channel, and the memory unit is 
connected to the operative component to receive and record the electronic signal. In preferred 
embodiments the fluid-handling device further comprises electronic communication devices, e.g. 
leads, wires or circuits, for communication with the memory unit. Suitable I/O devices for uploading 
15 signals to the memory component or downloading information stored on it will be readily apparent to 
those skilled in the art given the benefit of this disclosure, and include, for example, PCMCIA-type 
electronic communication ports, microprocessors, USB ports, serial ports, firewire ports, optical, 
ports and the like. As stated above, preferred embodiments of the fluid handling devices disclosed ... 
here are operative to perform, or are adapted to function in a larger system which performs, any of 
20 various different liquid separation test or analysis methods. Liquid separation method parameters 
can be stored in a memory unit of the device or in a memory unit of the larger system and, in 
accordance with preferred embodiments, such information stored in the memory unit defines a liquid 
separation method such as, for example, liquid chromatography (LC), capillary electrophoresis (CE) 
or other liquid-phase separation techniques, e.g., micellular electrokinetic chromatography (MEKC 
25 or MECC), isoelectric focusing and isotachophoresis (TCP). For convenience, and not intending to 
limit the scope of the fluid handling device technology disclosed here, much of the following 

— detailed description ofcertainjjreferred.e^ 

that are operative to perform liquid chromatography. 

In accordance with another aspect, components of the fluid-handling substrates, including, 
30 but not limited to, substrate layers and the interfaces of the substrate, such as inlet and outlet ports 
and component-on-board interfaces, are made of polyetheretherketone (PEEK). PEEK is a high 
temperature resistant thermoplastic. PEEK has superior chemical resistance allowing for its use in 
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harsh chemica, envbonmems, ^ it retains its flexuraI ^ ^ ^ 
temp— Additionally, glass, carbon fibers , carboB black , carbo „ 

dtox.de, etc., may be added ,„ PEEK * erftanc. i K mechanic*, and thenna, properties One 
^^^PEEKi.^^emblyofaMd-handU^^.is^a^^ 
process may be visually monitored, as PEEK in its amotphoua form can be a sufficiently clear and 
opnonally eyeless tnatertal. Therefore, fluid-tight seal s wifltin me ^ substraIe> ^ m 
titose created using selective m warning discussed elsewhete herein or other suitable methods for 
example, may be inspected prior -o ftrther assembly of dte fluid-bandltaa sub Stt a,e. to accordance 
w,fh ceriain prefen-eu embodiments, crystalline PEEK is employed as a layer of Ute laminated 
substiafeoracoatingonanotherlayer. Advantageously, crystalline PEEK provides good chemical 
reststance. it accordance tvith ceriain preferred embodiments, PEEK loaded with suitaMe !R 

for example, the interface of me components-board and the substrate, ,o provide an additional' 
measure for selectively welding the two components together to form a fluid-tight seal 

archtfecfurul micro-features. Exempt embody include subsbate allies incorporating 
archttecntsa, tmcrc-stiuctiares or housing fluid ana,ysis, .esting or flo™>, Mmponenls which 
are no, toleran, of the temperantres a. which me adjacent substiate toy^s or component, us* to 
assemble the substrate would thennaHy weld together ,o from the fluid-tight mictochamtels The 
element, are "no, foleran," in «. confex,. in ^ toction or ^ „ f ^ 
™ sa .c t u re ore I cm M , ta ^ on „ ouldbeda ^ Woruad ^ 
fhemtal „e,d.„g process in which substiate components are hea,ed in bulk ,o the welding 
tempera^, m certain embodiments, the environmental* sensitive element ntay no, be disposed 
wtmtnme substiatebu, may be chained, or housed within, meextema, componem-on-board for 

flutd, but also chambers and other such configurations widtin the substrate 

m accordance with addition* aspect, me,hods are pmvided for sealing together subsfra,e 
component e.g., ptoic layers, ,„ fonn me fluid-handling aubstrate without Ute need for adheaives 
solvent, orexposumofe„™ nmen , allySOTsWveetamtsom ^ bs ^ toftei . 6hte - 
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intense radiation, or pressures typically employed when thermally welding plastic assemblies. In 
accordance with certain preferred embodiments, a method is provided for producing the fluid- 
handling substrates disclosed immediately above, comprising substrate assemblies with internal 
fluid-tight sealed channels having environmentally sensitive elements. Such method comprises 
5 assembling together substrate components with an environmentally sensitive element incorporated in 
an internal channel, e.g., embedded or formed therein. The substrate components are then selectively 
welded together, preferably using IR radiation, to establish a fluid-tight seal along the periphery of 
the internal channel Selective IR welding offers protection to the environmentally sensitive 
components because the substrate components are not heated in bulk to the welding temperature, 
l o thus the environmentally sensitive element incorporated therein is not heated to such temperature. In 
preferred embodiments, the bulk material of the substrate components adjacent to the location of the 
selective IR welding can act as a heat sink, thereby providing thermal protection to an 
environmentally sensitive element near the site of the selective welding. Thus, the method in 
accordance with this aspect enables the sealing of channels, such as micro-channels in fluid-handling 
1 5 substrates, without destroying the environmentally sensitive elements contained in the channels. The 
fluid-tight channels, in which environmentally sensitive elements can be incorporated without 
thermal damage, are especially advantageous in enabling fluid-handling substrates to be produced for 
use in a wide variety of applications including, for example, liquid chromatography and other fluid 
analysis, chemical and biochemical testing, detection and sensing and detection processes (in some 
20 cases referred to collectively below as fluid testing or as fluid analysis). It is also an advantage of at 
least certain embodiments, that fluid-tight sealing of the channels is accomplished without use of 
solvent or adhesive joining, thereby avoiding the problematic aspects of those methods discussed 
above. 

In accordance with additional aspects, substrate assemblies are provided having selectively 
25 welded joint or interfacial areas between the substrate and an external component mounted to the 
substrate with a fluid-tight seal at a port in a surface of the substrate. Such external component 

____(refe^ 

advantageously provide any of numerous functionalities to the fluid-handling substrate. For 
example, the component-on-board can act as a fluid reservoir, a detector, an analyzer, a separation 
30 conduit cartridge, or serve other roles. The component-on-board may be permanently attached to the 
fluid-handling substrate or may be a removable component-on-board, which is referred to in some 
instances below as a swappable component-on-board. A swappable component-on-board provides 
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s coo d sw»ppab,e con.pc.„e„, or , board , e . g . a detector , fer 

expa, d s ttl .po t e„ t ia,appHca, i o n swhe reaMd . handltagOTbsMemaybeemployed " — 

suosrrare rs for™. by aase^ng Ae ex^a, compment t0 ^ substate J 
cornponen, whi cb cao subse , ueM]y be ^ ^ o(her subs(rate j * 

r: 3,1 r onai dewce for a flnid * - 

subs,ra,e , s p ded ^ conufas a po „ fa commiinica(ion ^ ^ ^ ^ su 

boar ,o rbe substratt , e. g . p re fera bly ^ K weldfag „ ^ 
■-face of .be po rt a-. «be cornpone^boa* „ provide _ £ 
compo^ -oa-boax. ,„ a,. substme ^ ^ . ^ „ ^ 

A ddmon aU, a. se.ecbve IR welding of Ae ai , he » ^ 

comport corKained ^ lhe ^ 

In accordance wirh anote aspect, a Md-ogh. sea, beb.ee, a swappab.e (ie non . 

■b coo, P „„e„ t .„„.boar d iKe , 8 c^ponem-on-boaro an d ft. subsbare is fomreo by aasembbog rbe 
e«ema, coroponeo, ,o rbe subsbare (e.g., t0 a removal s„ bstat e compel,, w br h « 

z e ;: d ^ a : doneormoreo<, — -*™«~*^a*^ 

substra e, e ^ my major Qr minor ^ rf ^ ^ ^ 
SubOTaK < h "'"P°™-'oaccepUco m po„e^^ 

eon.ponen.^.boardco^ ca.esw ithft e flui ,ba nd n n g SU b Stt a,e,a n da„ yfa ,erna I cbZ! d 
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environmentally sensitive components within the substrate, through the port. As discussed above, 
the swappable component-on-board may contain one or more connectors for interfacing to the fluid- 
handling substrate through the port. The connectors of the port and swappable component-on-board 
may be any connector known to those skilled in the art, such as a female connector on the port and a 
5 male connector on the swappable component-on-board, or vice versa. Upon connecting the 
swappable component-on-board to the port, a fluid-tight seal is created. Therefore, fluid 
communication can occur between the swappable component-on-board and any internal channels of 
the fluid-handling substrate without leakage of the fluid. This aspect is especially advantageous, 
since the amount of liquid introduced or contained within the fluid handling substrate might be very 
10 minimal, for example 1 5 microliters or less, and inadvertent loss of any fluid may result in reduced 
ability to detect species contained in the fluid. 

In yet other aspects, the fluid handling devices disclosed above comprising a multi-layer 
laminated substrate are employed in combination with features and aspects of one or more others of 
them and/or other features and aspects suitable to a particular use or environment. In particular, 
1 5 exemplary of such other features and aspects, any or all of the following may be advantageously 
integrated into the fluid handling device. Electrical interconnections can be provided between 
components of the device and to an I/O port for data communication with an outside device. Surface 
interconnects, e.g., silk screened leads, soldering, conductive epoxies, wire bonding and tape assisted 
bonding, or 3D interconnects passing through the substrate can be used. Programmable controllers 
20 can be integrated into the fluid handling device to control heaters, pumps, sensors, memory chips, 
etc. Optical interconnections can be provided between components of the device and to an I/O port 
for data communication with an outside device. Optical interconnections can be provided via 
waveguides, fiber optics, free space IR transmissions, etc. Surface interconnects or interconnects 
passing through the substrate can be used. It will be within the ability of those skilled in the art to 
25 incorporate these and other components and functions into the fluid handling devices disclosed here, 
given the benefit of this disclosure. 



Brief Description of the Figures 
Certain preferred embodiments will be described below with reference to the attached figures in 
30 which: 

Figs. 1 a- 1 c show several configurations of a fluid-handling device or substrate. A first plastic 
piece 1 0 and a second plastic piece 1 1 have been welded together by selective IR irradiation of either 
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the plastic pieces or by inflation of „ optional ^ substance ^ ^ subs)ratt 

comainsachanne! .3 fonned by weldtog of toe two plaaic pieces together. Optionally contained 
within the channel 13 ts an environmentally sensitive element 14. The substrate 5 may also contain 

m close and continuous comae, with „ embedded microdevice 16. A port 17 provides 
comrounication from roe channel to the top or bottom planar surface of toe subsrme. Additionally 
an externa, device may be connected to the fluid-handling substrate throngh the port. An optional' 

layer 19 roay be piaced anywhere along the surface of the substiate. to Fig. ,„, toe „„,ti-layer 
lanuna te dauba Wt eoo m pr i ses m reelaye re ,preferah,ywima m iddlep„lymerlayer. The outer layers 

rig. lc. 

Ks^owaseveroJpoaaftleoomlgnradonafortochannebfbnned^ 
15 22, rhomboid 23, and seroentine 24. ""igurar 
Figs. 3aand3bshowonepossibleconfigumtion for assembly of the fluid-handling substrote 

the plastic preces is done flrst by aligrting toe p.anar surfaces of toe plastic pieces lOand 1, usinga 
mechanical deVic, = such as an aligmnen. stage, as shown in Fig. 3a. to this embodiment, pl astic 
20 ptece 10 ,s capable of absorbing the incident mdiation, whereas plastic piece 11 is ene^ 
t~ve. An EM beam 31 is apphed through toe surface of the tronsmissive p.astic piece Z 

shownmFig.3b.Hea t ingoftoeEMopa <! uepla^c P ieoe r e S ultsmwe,di„ g oftoe^op 1 ashcpieoes 
together. K 

In flns embodiment both plastic pieces 10 and 11 are EM transmissive. A coating of an EM 

beam31isappUed,otoesmfaceofoneoftoeti^issiveplasticpiecess„ma,rodiatio„ i sino i de„, 
oatoecoating, as shown in Fig. 4c. Heating of the EM coating results in welding of the two plastic 
30 pieces together. F 

Figs. 5a-5o show another possible configuration for assembly of toe fltod-handnngsuostmte 
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The stacked plastic pieces 1 0 and 1 1 can be masked with an EM absorbing substance 19, as shown in 
Fig. 5a. The pieces may optionally be aligned, as shown in Fig 5b. Only the unmasked portions are 
exposed to the EM beam 3 1 (see Fig. 5c) and, therefore, only those locations are heated to seal the 
plastic pieces. In this configuration, it is desirable to use a gasket to enhance the effectiveness of 
5 the fluid-tight seal. 

Fig. 6 shows a fluid-handling substrate with a fixed external component. The external 
component 50 is mounted to the substrate through a port 1 7. The external component may comprise 
any external device including a detector/a computer, or other electrical or mechanical devices. The 
external component 50 is in liquid communication with an internal channel 13. 
10 Figs. 7a and 7b show a possible configuration for assembly of a fluid-handling substrate with 

a fixed component-on-board. In Fig. 7a, the component-on-board 50 is mounted to the assembled 
fluid-handling substrate 40. Selective TR welding using an EM beam 31 is then used to weld the 
component and the fluid-handling substrate together, as shown in Fig. 7b. 

Fig. 8 shows a possible configuration for a fluid-handling device having a swappable 
1 5 component-on-board. The removable external component 60 comprises one or more connectors 65 
for attachment to a fluid-handling substrate 40. The fluid-handling substrate 40 also has one or more 
connectors 66 for attaching to the component 60. Upon attachment of the component connector 65 
to the fluid-handling substrate connector 66, a fluid tight seal is created. The swappable component- 
on-board may be in liquid communication with an internal cavity and any environmentally sensitive 
20 components contained therein. 

Fig. 9 is an exploded view of a preferred embodiment, wherein an on-board operative 
component is mounted to a multi-layer laminated substrate via adhesive and gasket. 

Fig. 10 is an exploded view of another preferred embodiment of the fluid handling substrates 
disclosed here. 

25 Fi 8 s - 1 1 A 311(1 1 1B together form a schematic diagram of a microfluidic substrate assembly 

i.e., a fluid analyzing device incorporating a microfluidic substrate assembly 130 (labeled as an 
^analytical cartridge^) in accordance wjtkjhjgjnmn^ 



substrate. 

Fig. 12 is a perspective view of a multi-layer laminated substrate in accordance with a 
30 preferred embodiment, shown in exploded view, partially broken away, with an on-board component 
and thermoplastic/electrical heater for mounting or seating the on-board component. 
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Fig. 13 is first embodiment of an analytical system in communication with a multi-layer 
lammated conduit cartridge, in accordance with preferred embodiments. 

Fig. 14 is a multi-layer laminated manifold in fluid communication with a multi-layer 
laminated conduit cartridge, in accordance with preferred embodiments. 

Fig. 15 is a multi-layer laminated manifold in fluid communication with a multi-layer 

Fi ^ 16isaseco « d ^odimentofan»alyucalsystemm 
laminated conduit cartridge. 
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ft wtllbe rec08nized by Aose ^ jn ^ m ^ ^ mm ^ 

enlarged relative ,„ the dimensions of an analytical instrument „ r a component-on-board, for 
exampfe. Addidonafly, reference to orientation, e . g . top> b0 „ om ^ ^ ^ js ^ ^ 

W-^.-.taW.MhM.,,^ OnesKtUedintheartaven 
the of .Ms disclose wil, be able l0 sete ^ desi& , subs(ra , es ^ * 

geometries suitable for a desired use and suitable for use in any orientation. 

Derailed Description of Certain Preferred Embodiments 

M SKI, d 

skrlled tn the at, 6 ,ve„ me benen, of mis disdosm. The detail description bereb, for 
convince w „, focus on certain iUuarradve ^ exemp ,^ ^ 
lamutated substrates disclosed bare, in embodiments operative to Amotion in a li q uid separabon 

to filtenng, concentrating, separating and detecting, for example. A tnictocbannel within me 
substrate may be packed with suitable media for cbromatogmpbic sepatations, e.g HPLC 
separadon. Removeably or petmartenrty mounted components-on-board may carty and' deHver 

^TTT h ^ afaPref ^ OTb "-*-<-fl^~assemblymaybe 
cartndge-hke, plugging into a larger fluid separation analysis device, e.g. an HPLC instrument, that 
performs many of these operadons. In other embodiment,, the microfluidic substrate itself «. be 
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considered as a component-on-board of another microfluidic substrate, e.g. a multi-layer laminated 
substrate conduit cartridge for example interfaced with a multi-layer laminated manifold attached to 
an analytical system. The microfluidic substrate assembly may be retained securely engaged in a 
receiving socket or the like in such larger fluid separation analysis device in various ways including, 
5 by way of example, a clamp or pressure plate mounted on the larger device, maintaining good 
surface-to-surface fluid-tight sealing between the confronting device surfaces, or by appropriate 
dimensioning the device relative to the receiving socket to frictionally retain the devices therein. 
Given the benefit of this disclosure, it will be within the ability of those skilled in the art to select 
operations, e.g., separations methods, sensors and other testing, to be integrated into the microfluidic 
10 substrate assemblies disclosed here, and to determine which operations, e.g., filtering, are to be 
performed by other devices. Cartridge-like embodiments intended for temporary use preferably are 
adapted to be inserted into a correspondingly configured socket or the like in a fluid analysis device. 
Fluid-tight fluid supply connections and any necessary electrical and electronic connections can be 
established in the socket by including a suitable electrical connector, e.g. PCMCIA connectors, on 
1 5 the substrate. It will be understood from the above, that excellent flexibility and a wide variation in 
the level of integration is provided by the technology disclosed here. Any fluid handling or 
processing steps not performed by the microfluidic substrate assembly is instead performed in 
accordance with well known technology by equipment associated with the cartridge. The following 
detailed discussion of certain preferred embodiments assumes, generally, that the microfluidic 
20 substrate assemblies are employed together with (i.e., connected to) suitable associated devices to 
perform any operations not performed by the microfluidic substrate assemblies, and that in preferred 
embodiments the microfluidic substrate assembly is received into a supporting socket in such device 
to establish fluid, electrical, electronic, optical and/or other connections called for by any particular 
application. The following discussion is also directed embodiments where the microfluidic substrate 
25 assemblies are use, either alone or in combination with other components, systems or instrument, to 
perform liquid chromatography methods. One skilled in the art given the benefit of this disclosure 

will be able to use the microfluidic subjjtratejtssemb^ 

It will be understood by those skilled in the art that the substrate assemblies disclosed here 
may comprise numerous different sizes and geometries, for example, the substrate assemblies may be 
30 about 3 '/a inches by about 8 '/ 2 inches, 3 '/ 2 inches by 9 '/ 2 inches, 3 'A inches by 4 K inches, 5/8 
inches by 1 inch, 4 inches by 6 inches, or the cartridge may have the dimensions of a postage stamp, 
a PCMCIA card, and a credit card. The different size cartridges have innumerable uses and may be 
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used in any of numerous devices. For example, in embodiments that are 3 K inches by 9 » inches 
thecartridgemay be suitable for use as a pumping manifold, e.g. pump heads, degasser, flow meters 
as injector manifolds, e.g. injector valves, pressure sensors, detector flow cells, and as pre- 
concentration manifold, e.g. flow-switching valves and pre-concentrators. In embodiments that are 3 
> K mches by 4 % inches, the substrate assemblies may be useful as a screening manifold, e.g. reagent 
and sample flow switching valves, mixers, reactors and the like. In embodiments that are about the 
size of a PCMCIA card, the substrate assembles may be useful as capillary electrophoresis cartridge 
e.g. CE columns, as conductivity cells, as sensors, as valves, as pre-concentration cartridges, e g 
valves, pre-concentration units, sensors, etc., as dynamic field gradient focusing (DFGF) cartridge 
e.g. DFGF units, valves, sensors, and the like. In embodiments that are 3/8 inches b 1 inch the 
substrate assemblies may be useful as sensors chips, e.g. P H, P 0 2 , P C0 2 , dissolved P 02, dissolved 
P C0 2 , sahnity, conductivity, nitrate and phosphate sensors, as mixer chips, e.g. active ultrasonic 
mixers, and may perform any unit operations required by a separation system or other analytical 
dev 1C e. Additionally, the substrate assemblies may be stainless steel for high pressure, may have 
ng 1 d side walls or integral ridges to prevent polymer creep, may fit into a bed of a robotic handler 
e.g. a robotic fluid handler, may be plug and play, and may have numerous fluid and electrical 
connectors as discussed here. 

It will also be understood by those skilled in the art that innumerable components-on-board 
may be chosen to provide additional functionality to the substrate assemblies disclosed here For 
example, the component-on-board may be operative to induce flow in a microchannel of the multi- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. The components- 
on-board may be operative as microfluidic devices, such as a fitting (e g. tees, unions, bulkhead 
unions, expanders, reducers, etc.), a mixer (e.g. static, active, ultrasonic, etc.), a reactor (e.g. plug 
flow, stin-ed tank, packed bed, coated wall, etc.), an injector (e. g. a valve typically with a sample 
loop), a valve (e.g. rotary, sliding, spool, globe, gate, ball, diaphragm, etc.), a pump (e.g. diaphragm 
piston, bellows, etc.), a compressor (e.g. centrifugal, bellows, piston, etc.), an ultrasonic bed (e g 
suspended particles, other combinations, etc.), an extractor (e:g. liquid-liquid, gas-liquid, gas-gas 
sohd-hquid, etc.), a pre-concentrator, a Dynamic Field Gradient Focusing (DFGF) device may 
include oneormore dialysis chambers, absorption chambers (e.g. a two chamber vessel with cells on 
separating support to monitor mass transfer), a metabolites chamber (e.g. for monitoring molecular 
changes), a toxicity chamber (e.g. for monitoring a response to toxins or the by-products of drug 
metabohsm), and the like. The components-on-board may be operative as a detector, such as a 
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UV/Visible absorbance flow cell, a fluorescence flow cell, a conductivity flow cell, an 
electrochemical detector (e.g. amperometric, cyclic voltammetry, etc.), a plasma detector, a mass 
spectrometry detector (e.g. electrospray MS source, quadrapole MS, particle beam MS source, glow- 
discharge MS source, chemical ionization MS source, plasma MS source, micro-Ion trap, 
electrospray plus micro-Ion trap, or time-of flight MS detector), and the like. The components-on- 
board may be operative as a sensor, such as a flow meter, a pressure transducer, a temperature sensor 
(e.g. thermocouple, resistance temperature detector (RTD)), a chemical sensor (e.g. pH, D0 2 , DC0 2 , 
salinity, conductivity, nitrate, phosphate, etc.) a capillary electrophoresis sensor, an acoustic sensor, a 
color sensor, an optical sensor, a bar code sensor, a photothermal sensor, a photoacoustic sensor, 
RFID tags, other Smart tags, and the like. The components-on-board may be operative to perform 
the function of numerous chemical devices and apparatus, such as reagent vessels, solvent degassers, 
separation columns (e.g. LC, CE, MEKC, etc.), iso-electric focusing columns (with or without 
ampholytes), size-exclusion columns, ion-exchange columns, affinity columns, solid-phase 
extraction beds and the like. The components-on-board may be operative as filters, such as a packed 
bed, sieves (e.g. molecular sieves), frits, depth filters (e.g. a channel stepped at increasing or 
decreasing depths), a self-cleaning (e.g. back-flushed) filter, and the like. The components-on-board 
may be operative to perform innumerable other chemical and physical operations such as distillation, 
flash vaporization, to provide an orifice for a pressure drop, as cocurrent extraction or reaction beds, 
as countercurrent extraction or reaction beds, as heaters, heat exchangers, coolers, momentum 
separators, as magnetic field generators, as electric field generators, and the like. One skilled in the 
art given the benefit of this disclosure will be able to select these and other components-on-board for 
assembly to the substrate assemblies disclosed here. 

In accordance with certain preferred embodiments, as disclosed above, a microscale fluid 
flow channel is in fluid communication with at least one operative component mounted aboard the 
multi-layer laminated substrate. The on-board component can seat and seal to any surface of the 
substrate. In embodiments comprising plastic substrate layers sandwiched between steel, aluminum 
-OL2tteU3gidpJajej,jy^^ 

thought appropriate for miniaturized fluid manifolds employing plastic components to define flow 
channels, the on-board component can seat and seal to an outside surface of one of the metal plates. 
Also, such components can seal to inner layers of the substrate through an outer sandwiching plate. 
Mounting and sealing can be accomplished using mechanical attachment devices, adhesives, gaskets 
and any combination of these and other mounting materials and techniques that will be apparent in 
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vtew of dm disclosure. For examp.e, Fig. 9 shows an exploded view of a top pla«e 102 of a multi- 
layer laminated subslrate 101 in accordance wito toe disclosure here. An on-board component 106 is 

show n prcparedform„ mll i„ g ,„ t he,averorplatel02^i n gaaadheaivol06a„dgaske t 104hav ms 
boss .07. The adhesive will bond te toe gaske, and ,„ the top plate and component, in par, through 
1 adhesive interface voids 1 05. Port ,03 in Ore top p,a.e win ptnvide fluid communication between a 
cotrespondingly positioned per, i„ the component („ 0 , sh own) and a microchamtel (no, shown) in 
toesubstiate. Thegasketboss 1 07 fonns a seal around the pot, and insulates toe adhesive from any 
adverse contact with the sampte fluid, m certain prefened embodiment,, thermoplastic materials are 
used as toemto-processed bonding interface material, The them,op.as.ic PEEK has good adhesion 
propert.es ,o many of Ute materials found in commercially available operative components and 
provtdes good chemical and solvent inertness. The mel, processing of a PEEK, or other 
toetmoptastic bonding layer, prefembly is contorted ami localized to toe fluidie junctions being 
fonned. Light-activated adhesives can tdso be used such ft„ toe adhesive joins one or more layers 
after a suitable tight souroe is incident on toe adhesive. The ligh, activated adhesive can be applied 
locany, e.g. ,o an area ,o be adhered, or can be applied to toe entire surface of one or more laye* 
The bonding layer may alao be required to maintain toe geonteny of toe fluidie junction. Flow of toe 
polymer during toe melting stage is controlled topreven, closureof toe junction. Thennal resistence 
weldmg ea„ be used, for example, in conjunction wito PEEK welded joints and can also be used to 
fotm the fluidie junctions between toe substrates and on-boaxd components. Suitable Native 
elemento for such toennal resistive welding can be denned accumtely using toin or thick fihn 
technologies, and are capabie of raising localized temperatore to above toe melting poin, of PEEK 
Heatdissipationisalso localized. These resistive elem M , B areplanarandcanb« re adi 1 ycoa,ed wito 
films of PEEK or other suitable ftenmoplasuc The materia, of toe resistive Cemen, is chosen to 
provide good adhesion to toe toennoplastie. Eleetrical activation of toe resistive heater elemento is 
readt.y perfotmed in aeeordanee with known techniques during Epical mass production operations 
and diseussed further below in connection wito Fig. 12. Eleetiical stiuctores a, toe fluidie port 
preferablysu^undtoeport, and alayerof t^^ 

dtsposed onto toe resistive heater in a partem clear of.be opening. Ttie on-board component ,o be 
mounted to toe substrate is aeeurately positioned, using mechanics! deviees sueh as an alignment 
stoge, for examp.e. The heater elemen, is toeu aetiva,ed to mel, toe toennoplastie. The componen, 
tspressed onto ftesubstia,esnrf«e to Kt ablish intimate contact wito toemeftedftertnoplastie The 
power to the heater element is then removed and toe sma„ quantity of hea, generated during toe 
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mounting operation is dissipated into the component and the substrate and the thermoplastic 
interface solidifies to form the bond. Fig. 12 shows the outer surface 140 of a multi-layer laminated 
substrate 1 42 in accordance with the present invention. Surface electrical leads 1 43, 1 44 are seen to 
extend from heater electrical contacts 145, 146 to electrical resistive layers 147, 148 provided at 
fluidic ports 149, 150, respectively, on outer surface 140 of the substrate 142. 

Thus, in a typical assembly operation, first and second components to be mounted to the 
multi-layer laminated substrate 142 are positioned at fluidic ports 149 and 150, respectively. Upon 
applying electrical energy to the leads 143, 144 through the heater electrical contacts 145, 146, the 
electrical resistive layers 147, 148 are heated sufficiently to locally melt or soften thermoplastic 
material surrounding ports 149, 150 and thereby to bond and seal the on-board component mounted 
at that location. One skilled in the art given the benefit of this disclosure will recognize that other 
devices and methods can be used to assemble the substrates and to assemble the components-on- 
board to the substrates, such as the methods discussed below. 

In accordance with certain preferred embodiments, an alternative approach employs an 
interface gasket, which preferably comprises conical fluidic connections somewhat similar to the 
ferrule type fluidic connections in conventional HPLC and the ferrule connectors described in the 
commonly assigned U.S Patent Application incorporated herein by reference. Such features 
preferably are located on both surfaces of the gasket at the location of the fluidic junction of theohi 
board component and the substrate. During assembly, the component and the gasket are aligned onto 
the substrate and the gasket sandwiched under pressure between the component and the substrate. 
This forms a seal around the fluidic junction. Minimizing the area of contact between the gasket and 
the substrate or the component reduces the need for excessive localization pressures during 
component mounting. With the clamping pressure still in place, the position of the component can 
then be fixed by introducing an appropriate adhesive between the component and the substrate. 
Holes through the gasket would allow the adhesive to contact the component and substrate surfaces. 
After curing of the adhesive, clamping pressure can be removed. UV assisted curing resins allow 
Jtaer^s_embJy_pro^^ 
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employed to provide electrical connections (for power and/or signal transmission) between an on- 
board component and the substrate, including sonic wire bonding, TAB bonding, solder or 
conductive epoxy bumps, z-access electrical interconnect materials, etc. Suitable alternative bonding 
and electrical interconnect materials and designs will be apparent to those skilled in the art given the 
benefit of this disclosure. The assembly process described above can optionally be automated, and 
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commercially available from numerous sources such as FhG-IFT (Munich, Germany). Other 
pumping devices which can be employed as an operative component-on-board in various 
embodiments of the microfluidic substrate assemblies disclosed here include endosmotic induced 
flow devices, devices which pump by electrochemical evolution of gases and other pumping devices 
well known to those skilled in the art. 

In accordance with certain preferred embodiments, other operative components suitable for 
mounting aboard the multi-layer laminated substrate will be apparent to those skilled in the art given 
the benefit of this disclosure, and will depend in most cases largely upon the application or use 
intended for the microfluidic substrate assembly. Exemplary ofsuch other operative components are 
sensors for detecting or measuring a property or characteristic of fluid in the microchannel, or of a 
fraction or component of the fluid. Such sensors include, e.g., spectrographs sensors, such as 
sensors which comprise a light emitter passing light through a substantially transparent window or 
section of the microchannel and a light detector arranged opposite the emitter to receive and in some 
cases measure light. Such sensors and detectors, e.g. flow-cell detectors, are known although then- 
use in microfluidic substrate assemblies as disclosed here has not heretofore been suggested or 
recognized. Other sensors may include, for example, silicon based miniaturized devices for 
electrochemiluminescent detection. The use of sensors as needed in microfluidic substrate 
assemblies disclosed here will be apparent to those skilled in the art given the benefit of this 
disclosure. Also exemplary of such other operative components which can be mounted to the 
laminated substrate are acoustic transducers and reflectors and the like. Here, again, such devices are 
known, but their use in microfluidic substrate assemblies as disclosed here has not heretofore been 
suggested or recognized. Acoustic components suitable for generating a standing wave ultrasonic 
field transverse to the direction of flow in a microchannel are disclosed, for example, in International 
Patent Application number PCT/GB99/02384, the entire disclosure of which is incorporated herein 
by reference for all purposes. For example, such devices can be operative in certain embodiments of 
the microfluidic substrate assemblies disclosed here, when needed, to concentrate particles in fluid or 
to trap particles against a flow of suspmqmg.flM&„The.abo^ 

which are generally commercially available provide the building blocks of integrated systems in 
accordance with the present disclosure, for performing simple or complex chemical analyses. Today 
micro-pump technology encompasses devices fabricated from a range of materials including 
polymers, and using methods that are mass fabrication compatible. Current pump prototypes deliver 
both liquids and gasses (including chemically aggressive fluids) at flow rates in the order of 1 mU 
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typically additional features. The two or more layers are stacked one on another with surface-to- 
surface bonding at their major (i.e., large) surfaces, e.g., by thermal welding, solvent welding, 
thermal resistance welding, focused or unfocused IR welding, adhesives, etc. If adjacent substrate 
layers to be joined have dissimilar thermal conductions (e.g., silicon and PEEK), then thermal 
5 bonding of these layers may be suitably accomplished by methods not requiring the heating of the 
entire mass. Heat can be introduced to the interface by applying it to the high thermal conduction 
material. The stacked layers preferably are substantially co-planar, optionally being curvo-planar or 
having other configuration, with one or more microchannels of the laminated substrate being formed 
at the surface-to-surface interface of adjacent layers, such that the bonding of the layers to each other 
10 forms the closed cross-section of the microchannel, i.e., forms a fluid-tight seal along at least amajor 
portion of the longitudinal run of the channel. 

In accordance with certain preferred embodiments, the fluid handling devices disclosed here 
may be conveniently constructed by forming the flow passages in the surface of a suitable substrate 
layer, such as a layer of flexible or rigid plastic or other material, and then laminating the adjacent 
15 layer to the first layer. Micromachining technology is known, which is suitable for the manufacture 
of at least certain embodiments or certain portions of the microfluidic substrate assemblies disclosed 
here, having elements with minute dimensions, ranging from tens of microns to nanometers. A 
portion of one or more substrate microchannels may be formed in one or more of the substrate layers, 
such that the complete channel is only formed when the layers are joined together. The pieces are 
20 joined together in a fluid-tight manner to seal the channel, e.g., to form a closed (i.e., fluid-tight) 
periphery for the channel, such as for the transport of fluids. Closing or welding the pieces together 
to form and seal the channels can be accomplished in a number of known ways. One such method 
involves assembling, i.e., positioning the pieces together and heating the assembly to the melting 
point, or at least the softening point, of one or both of the pieces (or all of the pieces where more than 
25 two pieces are assembled together). Adhesive methods also are known for assembling the 
miniaturized fluid-handling substrates. Other methods will be readily apparent to those skilled in the 

art given the benefit of this disclosure ■ ; 

In accordance with certain preferred embodiments, microfluidic substrate assemblies 
disclosed here, having a multi-layer laminated substrate, can be designed and fabricated in large 
30 quantities using known micromachining methods. Such methods include film deposition processes, 
such as spin coating and chemical vapor deposition, laser machining or photolithographic 
techniques, e.g. UV or X-ray processes, etching methods, e.g. deep reactive ion etching, which may 
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not necessary to heat the substrate assembly in its entirety to the melting or welding temperature. It 
is the joint region or interface of the two plastic pieces that is exposed to radiation, forming the 
selective weld. Again using plastic substrate pieces to illustrate this aspect, the radiation from a laser 
beam or other radiation source can pass through a transparent plastic piece and into an opaque plastic 
piece. Melting of the opaque plastic piece results as the incident radiation is absorbed by the opaque 
plastic piece. Removal of the radiation results in cooling and formation of a weld between the two 
plastic pieces. 

In published PCT application No. WO 00/20157, the entire disclosure of which is 
incorporated herein by reference for all purposes, a method of forming a weld between two 
workpieces is taught, one of the pieces being opaque and the other being transparent to radiation. It 
also teaches a method of providing a radiation absorbing material at the joint region of the two 
workpieces, where both plastic pieces are transparent, in order to form a weld between them. 
Infrared radiation (IR) bonding has been used to join plastic articles, as in U.S. P/N 6,054,072, the 
entire disclosure of which is incorporated herein by reference for all purposes. The use of such 
15 techniques in the methods disclosed here and the advantages in the methods disclosed here will be 
apparent to those skilled in the art given the benefit of this disclosure. 

In accordance with certain preferred embodiments, Fig. la shows a cross-sectional view of an 
exemplary configuration of a fluid-handling substrate 5 . The top planar surface, hereafter referred to 
as the major surface, of a first plastic piece 10 and a major surface of a second plastic piece 1 1 have 
been welded together by irradiation of either the plastic pieces or of an optional EM absorbing 
substance 12 or both. The plastic components of the fluid-handling substrate described herein are 
preferably made of, but not limited to, materials selected from the group consisting of polysulphone, 
PEEK, polyfluoroethylene (PFE), polycarbonate, ceramic, Teflon, stainless steel, 
polydimethylsiloxane (PDMS), pyrex, soda glass, CVD diamond, PZT, silicon nitride, silicon 
25 dioxide, silicon, polysilicon, Au, Ag, Pt, ITO, Al, and combinations of any of them. PEEK is a 
preferred material for the plastic pieces and components to be made from because it is chemically 
JJlg&isinmljMejB^ 

organic and inorganic chemicals. PEEK has excellent flexural, impact, and tensile characteristics. 
PEEK is especially advantageous because it has a low glass transition temperature (Tg) and will weld 
at a temperature that will not lead to the distortion, warping, or destruction of environmentally 
sensitive elements contained within the plastic pieces. Additionally, PEEK allows for visualization 
during the welding process and for visual inspection of the seals created by the welding process. 
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systems, flexible membranes, sensors with tiered membrane assemblages, electrical sensors, 
mechanical devices, biological components with sensor membranes, reagents for biotransformations, 
arrays of gene probes and analogues, detectors, and chromatography reagents. Certain sensors, 
whether electrical or biological, are also sensitive to high temperature and tend to be destroyed by the 
high temperatures. Fluids can also be sensitive to chemical adhesives and high temperatures of the 
current welding methods, and the composition of any adhesives added to effect welding of the pieces 
together maybe altered by the incident radiation, for example the adhesive may photoreact with the 
other components within plastic pieces. Some fluids are susceptible to chemical reactions under high 
temperature and pressure, and the resulting products could change the character and reactivity of the 
fluid. For example, chromatography reagents, such as beads with bonded phases, can be destroyed 
by high temperatures. The substrate may also contain additional channels formed from welding the 
plastic pieces together. For example, referring to Fig. la a second channel 15 is in close and 
continuous contact with an embedded microdevice 1 6. One skilled in the art given the benefit of this 
disclosure will be able to design fluid handling substrates comprising a plurality of channels and 
innumerable environmentally sensitive dements. 

In certain preferred embodiments, a microchannel is formed in the multi-layer laminated 
substrate at the interface of two layers. It is an advantageous aspect of these preferred embodiments 
that the layers are effectively welded or otherwise joined to form a fluid-tight seal along the 
periphery of the channel. A fluid-tight seal is a seal in which the channels do not leak fluid. That is, 
substantially no fluid can enter or exit the channels through the sealed periphery, but rather only 
through fluid communication ports provided in the substrate. For example, referring to Fig. 1 a, port 
1 7 is seen to comprise an opening in the surface of the fluid-handling substrate. It will be understood 
from this disclosure, that such fluid ports can be positioned at any convenient location in the surface 
of the substrate, taking in to account the need to provide fluid channels within the substrate to the 
port. The port may be located on either a major surface or on any side surface, hereafter referred to 
as a minor surface, of the substrate. Port 1 7 can be in communication with an internal microchannel 
that can extend to or thj^gh^ti^ 
within channel or chamber 13 and is in fluid communication with port 17 of the substrate. An 
embedded microdevice 16 is contained within a second channel or chamber 15. It can be seen that 
both fluid channels 1 3 and 1 5 are formed by and at the interface of the two substrate layers 10, 1 1. 
The port and microchannel can be any suitable configuration, such as, straight, serpentine, spiral etc. 
Also, a wide variety of port geometries including, but not limited to, semi-circular, rectangular, and 
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handling devices are operative at extremely high pressures, e.g. greater than 10,000 psi, more 
preferably greater than 1 5,000 psi, the first and third layers may contain projections, e.g. upward or 
outward projections, to reinforce the fluid-handling devices. For example, referring to Fig. lc, a 
multi-layer laminated fluid-handling device 80 comprises a first layer 84 having upward projections 
5 86 and 87 that contact the third layer 82 such that the second layer is completely enclosed in the 
fluid-handling device. That is, no surfaces of the second layer are exposed to the outside, except 
through a port extending from the surface of the fluid-handling device into the second layer, for 
example. Upward projections 86 and 87 may comprise any of numerous forms including for 
example reinforcing sidewalls, reinforcing members and the like. Optionally, additional projections, 
10 or mechanical barriers, 88 and 89 may extend between the first and third layers and into the second 
layer to further reinforce the fluid-handling device. In embodiments comprising upward projections 
that are operative to reinforce the fluid handling device, the device may be assembled using any of 
the methods discussed above including for example, adhesives, welding and the like. One skilled in 
the art given the benefit of this disclosure will be able to design suitable fluid-handling devices 
capable of operating at extremely high pressures, in accordance with the devices and methods 
described here. 

Li accordance with certain preferred embodiments, assembly of the fluid-handling substrate 
occurs as the substrate pieces are welded together and the channels are preferably sealed using 
selective EM welding techniques, such as selective IR welding. Selectively welded, as used herein, 
refers to a weld that produces a fluid-tight seal surrounding the channels in the plastic pieces or 
components of the fluid-handling substrate. The selective welding is preferably done substantially 
in the area immediately surrounding the channel the weld is intended to seal. However, this does 
not exclude any welding location that may create a fluid-tight seal. The most preferable welding 
methods include, but are not limited to, IR dosage (pulsed, continuous, intensity, 
25 frequency/bandwidth), IR delivery (spot, flood), thermal conditions (workpiece, platen(s), pick 
tools), ultrasonic agitation, or pressure. For illustrative purposes only, Figs. 3a and 3b show one 

sensitive component. The resultant channels and any components contained therein have been 
omitted from Fig. 3 for clarity. The chambers or cavities responsible for forming the channel after 
30 the pieces have been welded together can be machined into the plastic pieces using any method 
known to those skilled in the art, such as those described above. Referring to Fig. 3a, a first plastic 
piece 10 is capable of absorbing the incident radiation, whereas a second plastic piece 1 1 is energy 
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Thus by using the focusable EM beam, a fluid-tight seal may be created without risking damage to 
any environmentally sensitive element within or attached to the fluid-handling substrates. The 
focusable beam may also be coupled with the use of a dye for time scheduled selective welding. As 
used herein, time scheduled selective welding refers to using different dyes between or coated on or 
contained within different portions of, each layer of the fluid-handling substrate. Two or more dyes 
can be used to ensure only those areas containing the appropriate dye are welded together. For 
example, two dyes, Epolight 5010 and Epolight 6084, both from Epolin, Inc. (Newark, NJ), are 
coated independently on different portions of the fluid-handling substrate to be assembled. Epolight 
5010 has a maximum light absorption at about 450 nm while Epolight 2057 has a maximum 
absorption at about 1064 nm. Therefore, radiation having a wavelength of 1064 nm, such as an 
infrared laser, would only be absorbed by the Epolight 2057, and only the areas of the fluid-handling 
substrate containing the Epolight 2057 would be welded together. A different radiation source 
having a wavelength of about 450 nm, such as an argon laser, would be required to weld any areas 
containing the Epolight 5010. One skilled in the art, given the benefit of this disclosure, will 
recognize that a focusable EM beam could be used in combination with multiple dyes for time 
selective welding and increased protection of environmentally sensitive elements. Additionally, a 
tunable dye laser could be used to provide rapid switching of the incident wavelength and thus 
providing more rapid methods for the selective welding process and assembly of the fluid-handling 
substrate. Additional materials suitable for use as IR absorbing materials include high temperature 
dyes, also available from Epolin, Inc., such as Epolight 3079, Epolight 4049, Epolight 3036, 
Epolight 4129, Epolight 3138, and Epolight 3079, for example. One skilled in the art given the 
benefit of this disclosure will be able to use these dyes and other dyes and materials for selectively 
welding layers to form the fluid handling substrates described here. 

In accordance with certain preferred embodiments, if all the pieces of the substrates are EM 
transmissive, the pieces maybe coated with a substance that is EM opaque such that selective 
welding of the layers can be performed. The EM absorbing substance may be any substance capable 
J>f-^sorbjnglh^ 

to, dyes and pigments, for example, Epolight 5010, Epolight 5532, Epolight 6034, and Epolight 
1125, all from Epolight, Inc., (Newark, NJ). Figs. 4a-4c show an exemplary configuration for 
assembly of a fluid-handling substrate where all layers of the substrate are EM transmissive. When 
joining plastic pieces that are all EM transmissive, it is necessary to either coat the surface of one or 
more of the plastic pieces with an EM absorbing substance to form an EM absorbing layer 12 or 
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In accordance with preferred embodiments, the radiation necessary to weld the plastic pieces 
together may be administered using several different methodologies including, but not limited to, 
fibre delivery, controlled spot size and controlled spot intensity, seam forming, and large area 
rastering. Preferred joining methodologies for the plastic pieces and/or components include JR 
dosage, JR delivery, thermal conditions, ultrasonic agitation, and pressure. The EM radiation source 
may be any type of EM source, including commercially available lamps, e.g. arc lamps, or lasers. 
The EM radiation most preferable is infrared radiation (IR) with the JR source preferably being 
infrared lasers or infrared heat bulbs having tungsten filaments and integral parabolic reflectors. The 
EM source may optionally include lenses that vary the focal point of the beam. The EM source is 
generally positioned and tuned to project the EM beam a lens or grating and onto the aligned and 
mated layers of the fluid-handling substrate. It will however, be realized that any EM source, and 
any necessary accessory optical components, e.g. lenses, gratings, filters, monochromators and the 
like, may be used provided that a suitable EM absorbing material is available, and, if appropriate, 
one plastic piece is transmissive to the EM radiation used. One skilled in the art given the benefit of 
this disclosure will be able to select suitable radiative sources and methods for focusing those 
radiative sources onto layers to form fluid-handling substrates having fluid-tight seals. 

In accordance with certain preferred embodiments, the fluid-handling substrate may comprise 
an external component attached to the assembled fluid-handling substrate. Such external component, 
which is referred to as a component-on-board, can advantageously provide any of numerous 
functionalities to the fluid-handling substrate. For example, the component-on-board can act as a 
fluid reservoir, as an analytical device, such as a conduit cartridge, as a data analysis system, such as 
a computer, as a delivery device or may serve other roles. For illustrative purposes only, Fig. 6 
shows an embodiment of a fluid-handling substrate containing an attached component-on-board. 
The fluid-handling substrate may be assembled using any technique described above or any 
technique known to those skilled in the art. For example, the interface of the component-on-board 
and the fluid-handling substrate may be selectively welded such that a fluid-tight seal is created 
b_etw.een _ me^ tejaai^^ 

attached to a port 17 on the surface of the substrate assembly. As discussed above, an optional 
gasket may be used at the interface of the port and the component-on-board to provide for a more 
effective fluid-tight seal between the component and the fluid-handling substrate. An internal fluid- 
tight sealed channel 13 may be in fluid communication with the attached component. Innumerable 
other devices may be disposed within the fluid handling substrate and/or the component-on-board. 
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technique described above or any technique known to those skilled in the art. Though not drawn to 
scale, a swappable component-on-board 60 attaches to the fluid-handling substrate through a port 1 7 
on the surface of an assembled fluid-handling substrate 40. The port optionally contains one or more 
connectors as described above. To facilitate attachment and maintenance of the desired fluid-tight 
seal, the swappable component-on-board 60 typically contains at least one connector. Additionally, 
the port 1 7 of the fluid-handling substrate 40 may contains at a gasket and a connector for accepting 
the connector from the swappable component-on-board. For example, the embodiment of Fig. 8 
shows a swappable component-on-board 60 containing a male connector 65 and the port 17 of the 
fluid-handling substrate 40 containing a female connector 66. The joint or interfacial areas of the 
connector 65 of the component-on-board 60 and the connector 66 of the port 1 7 act to form a fluid 
tight seal. After creating a fluid-tight seal between the swappable component-on-board and the fluid- 
handling substrate, effective fluid communication is established between any internal channels and 
any environmentally sensitive component contained within the fluid-handling substrate and the 
component-on-board. One skilled in the art given the benefit of this disclosure will be able to select 
suitable connectors and devices for creating fluid tight seals between swappable components-on- 
board and the fluid-handing substrate assemblies disclosed here. 

In accordance with preferred embodiments, the multi-layer laminated substrates disclosed 
here may be used in a chromatographic instrument. For example, a microchannel of the substrate 
may be coated with a packing material such that the substrate is operative as an analytical cartridge, 
e.g. see 130 in Fig. 11B. Referring to Figs 11A and 11B, the analytical cartridge may be used, for 
example, to separate multiple species in a fluid. The sample can be introduced into the system using 
an injector, and a suitable mobile phase can be selected and introduced using solvent reservoirs and 
high pressure pumps. Preferably solvent gradients are implemented to achieve more efficient and 
better separation. In addition, the analytical cartridge can be in communication with a sample supply 
line, e.g. a waste line flowing out of manufacturing facility into a body of water, such that samples 
maybe taken automatically and intermittently, e.g. hourly, daily, weekly and the like, and separated 
JayJ^anaLyticaL^^^ 

concentrators, guard columns, pumps, and the like in fluid communication with the analytical 
cartridge 130. Suitable separation systems for use with embodiments of the multi-layer laminated 
substrate disclosed here will be apparent to those skilled in the art. Exemplary analytical systems are 
discussed below in the Examples. 
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That is, the concentration of an analyte may be increased 10 1 , 10 2 , 10 3 10 4 , 10 s , 10 6 , 10 7 , 10 8 , 10 9 
times or higher to levels that are easily detected using the detector of the analytical system. The 
treatment units are optional and maybe replaced with other chromatographic devices, such as, for 
example, guard columns, filters, semi-permeable membranes, etc. Alternatively, the treatment units 
5 can be replaced with a fluid flow channel such that little or no operations are performed on the fluid 
prior to entry into the conduit cartridge. 

The system also typically includes a graphical user interface 404 for programming the system, 
e.g. themethod, and/or monitoring system performance. The graphical interface may take numerous 
forms such as, for example, a keypad, an LCD screen, a touch screen, e.g, a touch screen display 
l o unit, etc. In certain embodiments, the graphical user interface is omitted and the information on the 
conduit cartridge is used to program the system. The system optionally contains a 
receiver/transmitter 406 to provide for remote operation and diagnosis, e.g. operation of the. 
analytical system over the Internet and/or transmission of data over the Internet to a remote facility. 
In certain embodiments, the conduit cartridge itself comprises a receiver/transmitter, and thus the 
1 5 receiver/transmitter of the analytical system may be omitted; 

The system typically includes at least one detector 408. The type of detector used typically 
depends on the optical and physical properties of the species in the fluid. Additionally, the detectors 
are usually interchangeable such that the detector may be switched to a different type of detector, e.g. 
from a UV- Visible absorbance detector to a fluorescence detector. Suitable detectors include but are 
20 not limited to UV-Visible absorbance detectors, IR detectors, fluorescence detectors, electrochemical 
detectors, voltammetric detectors, coulometric detectors, potentiometric detectors, thermal detectors, 
ionization detectors, NMR detectors, EPR detectors, Raman detectors, refractive index detectors, 
ultrasonic detectors, photothermal detectors, photoacoustic detectors, evaporative light scattering 
detectors, mass-spectrometric detectors, and the like. The conduit cartridge 410 typically interfaces 
5 with the system through a manifold, which is discussed in detail below. In alternative embodiments, 
however, the conduit cartridge can interface directly with the system, e.g. can be connected directly 

— t0 a fluid su geiy,.?q^ce^g fa ^^y B ^^ — 

components, for example. 

A closeable face plate 4 1 5 may be hingeably or removably attached to the system and can be 
0 closed over, or around, the system to protect the system from harsh environmental conditions, such 
as chemical solvents, UV radiation and the like. Supplying power and data to the chromatography 
system is a power and communication interface 416. Such interfaces typically are operative to 
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through a fixed-loop injector, for example, using a needle, syringe, and the like. One skilled in the 
art given the benefit of this disclosure will be able to select suitable positions for the system 
described here depending on the type of analyses to be performed by the system 

The fluid separation conduit cartridge typically interfaces with an analytical system through a 
5 manifold, e.g. the multi-layer laminated manifold 456 shown in Fig. 1 4. Multi-layer manifold 456 
may be assembled using any of the methods described above and other methods know to those 
skilled in the art. In Fig. 14, the conduit cartridge 452 will be understood to be analogous to conduit 
cartridge 410 shown in Fig.13. Thus, Fig. 10 shows a first multi-layer laminated assembly, e.g. the 
conduit cartridge 452, interfaced to a second multi-layer laminated assembly, the manifold 456. As 
10 discussed, the manifold 456 is seen in the particular embodiment of Fig. 14 to be a multi-layer 
laminated structure and has one or more microfluidic channels for introducing fluid into or receiving 
fluid from the conduit cartridge. For example, the manifold 456 may comprise a first layer 458 
attached to a second layer 459 which itselfis attached to a third layer 460. As can be seen in Fig. 10, 
the second layer 459 typically is sandwiched between the first layer 458 and the third layer 460. 
1 5 Fluid channels can be provided within and/or at the interface^) of the layers of such manifolds. For 
example, layer 459 in the manifold 456 of Fig. 14 can optionally be constructed as a microfluidic 
substrate assembly as described above, optionally with layer 459 being formed substantially of 
PEEK. The layers of the multi-layer laminated manifold each can be manufactured from any of 
numerous materials, including but not limited to PEEK, steel, e.g. stainless steel, and the like. 
Different layers of the multi-layer laminated manifold may be formed of different materials. Li 
certain embodiments, the microfluidic flow channel is between two or more of the layers, e.g. the 
microfluidic flow channel can extend from the third layer into the second layer and optionally into 
the first layer, for example. The microfluidic flow channel can be formed in one or more of the 
layers using numerous techniques, e.g. UV embossing, micro-machirung, micro-milling, and the like. 
For example, a micro-channel can be etched into the second layer and the first layer such that when 
the second layer is assembled to the first layer a fluid-tight microfluidic flow channel is created. As 
jjis .C. ussed_abo y. e ^eJ^ 

example, the layers can be assembled by welding the layers together, optionally with a gasket 
positioned between the layers, or can be assembled using adhesives and the like. One skilled in the 
art given the benefit of this disclosure will be able to select suitable methods for assembling the 
layers of multi-layer laminated manifolds suitable for use with multi-layer conduit cartridges 
disclosed here. Preferably, the manifold comprises at least a first microfluidic channel in fluid 
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In other embodiments, the manifold itself is in communication with a second component-on- 
board, such as a device that is operative to generate fluid flow. For example, referring to Fig. 1 1, a 
pump 470 can be attached to the multi-layer laminated manifold 456 and can be configured such that 
fluid is drawn from a fluid reservoir, e.g a solvent reservoir, and is forced into manifold 456 and 
5 subsequently into conduit cartridge 452. Such devices may be any of the devices known to those 
skilled in the art and discussed above including but not limited to pumps, vacuum manifolds and the 
like. The device for generating fluid flow can also be in communication with one or more injectors 
and discussed above. 



10 Example 2 

An additional example of a multi-layer laminated conduit cartridge, assembled in accordance 
with this disclosure, interfaced with an analytical system is shown in Fig. 16. The analytical system 
500 comprises a conduit cartridge 502, e.g. a cartridge operative to perform capillary liquid 
chromatography, a graphical user interface 504, and buffer cassettes 506. The graphical user 

1 5 interface can be used to program the system and/or the conduit cartridge for a specific method, e.g. a 
specific solvent gradient, run time, flow rate, and the like. As discussed above, the graphical user 
interface can be omitted in embodiments where the conduit cartridge is operative to program the 
system, e.g. where the conduit cartridge comprises an analytical method in a memory unit within the 
conduit cartridge, for example. The buffer cassettes are equivalent to solvent reservoirs. That is, the 

20 buffer cassettes may be loaded with any suitable mobile phase needed to perform a chromatographic 
method, for example. Preferably, the mobile phases are different in different buffer cassettes such 
that solvent gradients can be implemented in the analytical method. The buffer cassettes maybe in 
communication with one or more devices that are operative to generate a fluid flow (not shown), e.g. 
pumps and the like. The system 500 typically has one or more power and communication interfaces 
25 508 and can be custom installed 512 at a user's facility such that automated analyses may take place 
or such that the system is positioned near the fluid to be analyzed. As discussed above, the 
commumcation interface maysgnd^^ 

The system can be controlled by remote operation and diagnosis using a communication device 510 
by various methods, such as for example, e-mail over the Internet. The communication device 
30 typically is used to alter the method of the system without having to manually enter the new method 
using the graphical user interface. This feature provides for remote configuration, or reconfiguration 
as the case may be, of the system. In certain embodiments, the communication device is omitted and 
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any of the other embodiments disclosed here. It is intended that the following claims be read as 
covering such alterations and modifications as fall within the true spirit and scope of the invention. 
It is intended that the articles "a" and "an", as used below in the claims, cover both the singular and 
plural forms of the nouns which the articles modify. 
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1 • A microfluidic substrate assembly comprising: 

a ntuM-layer Uminated SIlbstratt a, least one mi Wa port ^ ^ 

port for transport of fluid; and 

at least one operative component mounted aboard the multi-layer laminated substrate in 
communication with the microscale fluid flow channel. 



2 
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6. The microfluidic substrate assembly of claim l ,r, ™,i,;,.u *u 
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aboard the mulo-layer laminated substrate is a thermal actuator. 
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8. The raicrofluidic substrate assembly of claim 6, in which the operative component is a 
micromachined pump, diaphragm pump, syringe pump or volume occlusion pump. 

9. The microfluidic substrate assembly of claim 1 , in which the operative component mounted 
aboard the multi-layer laminated substrate is operative to induce flow in a microchannel of the multi- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. 

1 0. The microfluidic substrate assembly of claim 1 , in which the multi-layer laminated substrate 
further comprises at least one fluid outlet port in fluid communication with the fluid inlet port within 
the multi-layer substrate. 

1 1 . The microfluidic substrate assembly of claim 1 , in which the operative component mounted 
aboard the multi-layer laminated substrate is at least one electronic memory unit mounted to the 
substrate assembly and operatively connected to the microfluidic substrate assembly. 

12. The microfluidic substrate assembly of claim 1 1 , further comprising at least one operative 
component mounted aboard the multi-layer laminated substrate in communication with the 
microscale fluid flow channel and operative to generate an electronic signal corresponding to a 
detected characteristic of fluid in the microscale fluid flow channel, wherein the at least one 
electronic memory unit is connected to the operative component to receive and record the electronic 
signal. 

13. A microfluidic substrate assembly comprising a generally planar multi-layer laminated 
substrate defining 

at least one fluid inlet port and at least one microscale fluid flow channel at each of more 
than one level within the multi-layer laminated substrate for transport of fluid, and 
_ — ; — aUeast,one^crochannel^ia«exte^^ 

substrate for fluid communication between microscale fluid flow channels of different levels. 

14. The microfluidic substrate assembly of claim 1 3, in which the at least one microchannel has a 
configuration which is straight, curvo-linear, serpentine or spiral. 
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least ' n '^ ro ^ u substrate assembly comprising a multi-layer laminated substrate defining at 

Tin TT POrta " d " ° M ~ lS md 9ow < h ™« ta 

mteroscale fluid flow channel in excess of about 100 psi. 

ii r m 7rr cs ° bs ™ eK ^ 

■ ooZT " 8n ' * fluid pressure ta *• — ,e fluid — » ' '» — 

■ 7 H.mierofluidicaubs.rateaa^yofCain, .5Jnwhicb*emn M -,ayerlamina t eds„bsUa,e 
taher compnses ng,d pla.es sandwiching me plastic layer between them. 

£ ^^-fl^^'e-cmblyofclaimn.inwhiehmulUpUlayersofmemulU-layer 
the multiple plastic layer between them. 8 

19 The microfluidicsubs^ateassemMy of claim 18,inwhich,hemu,«p 1 ep,a stic , a y ersofUle 
a channel within the substrate. g 

20 A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 

oTmet ? T~ i0nWittfte ^ PO " fcr ^"°«^.'nwhicha.,eas,o n e,a^ 
of the multi-layer laminated substrate is formed of PEEK. 

2. . The mfeofluidic subshate assembly of claim 20, in which the a, least one PEEK layer is 
formed of amorphous PEEK. V 



22. 



I"! ^ * "» — - - - o» PEEK .ayer is 



formed of crystalline PEEK. 
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23. The microfluidic substrate assembly of claim 20, in which the at least one PEEK layer 
comprises IR absorbing species in concentration sufficient for IR welding of the PEEK layer. 

24. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
distributed substantially homogeneously throughout the PEEK layer. 

25. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
disposed on the surface of the PEEK layer. 

26. The microfluidic substrate assembly of claim 25, in which the IR absorbing species is 
selected from dyes, zinc oxide, silicon oxide and metal species. 

27. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel within the multi-layer 
substrate in fluid communication with the inlet port for transport of fluid, wherein at least first and 
second layers of the multi-layer laminated substrate are selectively welded to each other to form a 
fluid-tight seal at least along a channel within the multi-layer laminated substrate. 

28. The microfluidic substrate assembly of claim 27, in which the multi-layer laminated substrate 
further comprises at least one environmentally sensitive structure intolerant to a transition glass 
temperature of the first and second layers. 

29. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is an architectural feature of the microscale fluid flow channel, a mechanical sensor, a 
mechanical device, an electrical sensor, an electrical device, a fluid, chromatography reagents and 
any combination of them. 



30. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is disposed in the microscale fluid flow channel. 

31. A method of producing a multi-layer laminated substrate, comprising the steps of: 
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forming . surface-to-surface i„,erface by aligmng a surface of a fa, substrate 
assembly havtng an tmemal fluid channel a, the interface- and 

^*«^™bly ttra dia«on to hea,o^y^o rm o re se I ec,e<,po rti „ ns „ f 

fluid rr ;: ,mperatoresufflcien,w - Ma ^--°~.o 8 c.heMo fem ,a 

flu.d-t.gh, seal between dre substra* components „ the ^ g fc fcjd ^ 

sLe^rT^t to3 '^ Mm ^ bgtte ^ SOf ^ aI -'^-o fD ,e 



33. 



The method of claim 32, in which me absolve ma,erial is coated onto only one 
se.ee.ed porftons of me surfhce of me fits, subsume coorponen, _ fc sub .^ZZ 
non-selectively to IR radiation. y ex P osed 

34. Th ^^lai m3 2,m„ U ch tt eab^^ 



5. **.*» Hk-it| , 
havtng a configuration corresponding to me one or more selected porfions of me interf^ 
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FIG. 2C 
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1.1. Claims: 1-3 

A multi-layer laminated substrate with inlPt n -fc 



1.2. Claim : 4 

JiJw 1 ^: 13 ^ ^^"ated substrate with inlet ports a 

1.3. Claim : 5 

A multi-layer laminated substrate with inlet ports a 
flow channel and an operative component the SSStiSo 
component is a ultrasonic actuator ™tw2du3? 

1.4. Claim : 10 

A multi-layer laminated substrate with inlet nnrtc a 

flow channel and an operative component «L P ' 3 

substrate assembly further wmp???es SJ'ou? et port in 

fluid communication with the inlet port P " 

1.5. Claims: 11,12 

A multi-layer laminated substrate with inlet ports * 

mounted to the substrate and *^8Jg?&££* 



1.6. Claims: 13,14 

A multi-layer laminated substrate with at l ea ,t nnB 
inlet port and one flow channel at each of mo?e thfn 
.one level within said substrate and at leas? £ne 
sSbsJrlte 1 3 eXtend1 " 9 b6tWeen 1 evel s wi thi fsald 



2. Claims: 6-8 



A multi-layer laminated substrate with inlet nnrtc * 
channel and an operative component the ' flow 

is operative to generate flufdS&SS fST?JS KeT 
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3. Claim 



A multi -layer laminated substrate with inlet ports, a flow 
channel and an operative component, the operative component 
is operative to induce flow in a flow channel by 
endosmotically or electrochemical evolution of gases 



4. Claims: 15-20 



A multi -layer laminated substrate with inlet ports, a flow 
channel, at least one layer formed of plastic and said 
assembly is operative and fluid tight at fluid 
the channel in excess of about 100 psi 



pressures in 



5. Claims: 20-26 



A multi -layer laminated substrate with inlet ports, a flow 
channel at least one layer is formed of PEEK 



6. Claims: 27-35 



A multi -layer laminated substrate with inlet ports, a flow 
channel and at least first and second layers are selectively 
welded to each other to form a fluid-tight seal at least 
along a channel within said substrate assembly. 
A method of producing a multi -layer laminated substrate 
comprising the steps of forming a surface-to-surface 
interface between two substrates to form a substrate 
sub-assembly having an internal fluid channel at the 
interface, exposing the sub-assembly to radiation to heat 
only one or more selected portions of the interface to a 
temperature to weld the substrate components together, to 
form a fluid tight seal between the substrate components 
along the fluid channel 
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